


How two inches of steel 


ERE is one of the busiest machines in our re- 
H search laboratories. It is a constant-pressure 
test lathe that quickly provides an indication of 
how fast a steel can be machined. 


This unique testing device consists of a standard 
lathe fitted with special control equipment by 
which the horizontal pressure on the cutting tool 
is kept constant during the machining operation. 
By actually machining a test bar on this lathe and 
measuring the number of revolutions necessary to 
advance the cutting tool exactly two inches, we ob- 
tain—in a matter of minutes—a precise record of 
the steel’s machinability. 


Before this development, the normal way to test 
machinability was to machine a sample of steel 
until the cutting tool failed. This sometimes took 
days and often required more steel than was avail- 
able. Now, with the constant-pressure lathe. many 
steel compositions can be accurately checked in 
that time. 


made a yardstick 


Typical of what this has meant to steel users is 
our development of MX Free-machining Bar Stock. 

Bar stock is used in producing the millions of 
machine parts that are made on screw machines— 
those high-speed automatic machines that can 
simultaneously perform many operations such as 
drilling, forming, threading, chamfering and tap- 
ping at a rate of 1000 or more parts per hour. 
Here, machinability is of first importance, and 
often spells the difference between profit and loss. 

So when we set out to give the screw machine 
industry steels that would have the utmost in ma- 
chinability, we called on the constant-pressure 
test lathe to speed up this research. With its help, 
hundreds of compositions were quickly and ac- 
curately screened. The result was MX—the fastest- 
cutting Bessemer screw stock yet developed, one 
that has enabled many screw machine operators 
not only to increase production and reduce tool 
wear but to cut their costs as well. 

The constant-pressure test is a good example of 
the many research projects sponsored by United 
States Steel. In the field and in the laboratory, 
U.S. Steel metallurgists are constantly at work on 
problems pertaining to the manufacture and the 
use of steel. United States Steel Corporation, Pitts- 
burgh, Pennsylvania. 





Lee A. Kitcore, Assistant Manager 

Westinghouse Generator Engineering 
A graduate of the University of Nebraska, he 
enrolled in the Westinghouse Graduate Student 
Training Course in 1927. He has contributed 
much to the design and development of large 
generators, motors and rectifiers and has au- 
thored many technical articles on these subjects. 


W. H. Dickinson, Director 
Westinghouse Headquarters Manufacturing 
Engineering 
Enrolled in Westinghouse Graduate Student 
Training Course after graduation from Texas 
A & M in 1930. He came up through a variety 
of manufacturing positions in the company and 

was appointed to his present post in 1951. 


Crark C, Frame, Director 
Westinghouse Labor Relations 
Enrolled in the Westinghouse Graduate Student 
Training Course after graduation from Penn 
State in 1930. Prior to appointment to his pres- 
ent te was Manager of Industrial Relations 


for Westinghouse East Pittsburgh divisions. 
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Their formula 
for success 
will work for you 


“Find out early what your talents are, what you want to do, 
and set your sights accordingly.” That, essentially, is the success 
formula practiced by these Westinghouse executives. 

But how do you put this formula to work? How can you be 
sure of choosing the right career? At Westinghouse, you'll find 
the answer in the Graduate Student Training Program . . . the 
same program that launched these men on their careers. This 
program gives you a clear understanding of the company and 
its products ... lets you try out many types of work through 
planned work assignments . . . and offers the benefit of personal 
counsel in selecting the right field for your career. 


Your Opportunities at Westinghouse 


Westinghouse offers you a double-barreled opportunity for 
building a successful future: the Graduate Student Training 
Program which gets you off to a sure start ... and the Graduate 
Study Program which enables you to continue your education 
toward M.S. and Ph.D. degrees while on the job. When you 
join the Westinghouse team, you get the training you need to 
forge ahead in the field of your choice. 

For information on opportunities at Westinghouse in engineer- 
ing, research, manufacturing, sales and business administra- 
tion, send for our 34-page book,“* Finding Your Place in Industry”. 

G-10251 


EDUCATIONAL DEPARTMENT 


you CAN BE SURE...1F ITS 


Westinghouse 


To obtain copy of “Finding Your Place in 
Industry”, consult Placement Officer of 
your University, or mail this coupon to: 
Mr. R. E. Davis 

District Educational Co-ordinator 

Westinghouse Electric Corporation 


10 High Street 
Boston 10, Massachusetts 


Name— 
School 
Street 
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Board and room 


. a : 
**Sure. I realize there are opportunities at General 
Motors. But how long will I be stuck on a drafting 
board before I can take advantage of them?” 


This is a very familiar question to our College 
Representatives at their job conferences with engi- 
neering seniors. 

And—in the individual case—frankly it’s a hard 
question to answer. For often first jobs for graduates 
in certain phases of engineering work are at a 
drafting board. And the length of time the indi- 
vidual stays at a drafting board depends on many 





to grow! 


variables—most important being the individual's 
own talents and his ability to develop them. 


But there is one general answer that can be made. 
And it’s a very recent one. At a large gathering of 
General Motors engineers—many of them in top 
management—others in important divisional posi- 
tions—this question was asked: 


“How many of you started your GM careers on a 
drafting board?” The answer: practically everyone 
said “I did!” 

So perhaps the best reply to your query about the 
duration of your drafting board experience is to 
say — “there are drafting boards and drafting 
boards.” And a GM drafting board has this advan- 
tage—it can lead to a secure and satisfying life work 
in a company headed, in many cases, by engineers 
and with a record of supplying engineers with the 
equipment and the associations and the opportuni- 
ties they ask to make the most of their particular 
training. 

May we suggest you ask any such questions of our 
College Representative. Your College Placement 
Office can arrange a meeting with him on his next 
visit to your campus. Or drop us a line. 


GM POSITIONS 
NOW AVAILABLE IN 
THESE FIELDS: 


Mechanical Engineering 
Electrical Engineering 
Metallurgical Engineering 
Industrial Engineering 
Chemical Engineering 


GENERAL MOTORS 


Personnel Staff 
Detroit 2, Michigan 
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Graduate 
Engineers! 


ENJOY GOOD SALARY 
FROM THE FIRST DAY... 
INTERESTING CHALLENGES 
RIGHT AWAY! 


Here a Sperry engineer is using 
an analog computer to dupli- 
cate the flight conditions of 
a new high-performance jet 
bomber being “flown” auto- 
matically by the Gyropilot* 
flight control. He notes the 
performance of the airplane 
and checks the automatic pilot 
during the bombing run. 
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GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 


At Sperry you can apply your knowledge 
immediately and keep on learning—with 
pay—in research, product development, or 
field work. Salary increases come as you 
progress. 

You enjoy the advantages of working with 
the leaders in their fields. You are expected 
to use originality and a fresh approach. 
Every project is a creative challenge to 
the brain-work and the team-work of the 
Sperry engineering staff. 


VARIETY OF OPENINGS 

There are opportunities for aeronautical, 

electrical, electronic, mechanical engineers 
physicists — technical writers and field 

engineers for applied engineering. 


ATTRACTIVE LOCATIONS 
GOOD WORKING CONDITIONS 


Long Island—In pleasant suburban atmos- 
phere but convenient to New York. Mod- 
ern plant. Well equipped laboratories. 
Excellent working facilities. 

In the Field—There are excellent applied 
engineering opportunities in various sec- 
tions of the United States and abroad. 


In All Locations—The way is clear for 
steady advancement. You are encouraged 
to continue your education while you earn. 
And liberal employee benefits are pro- 
vided for all. 


RESEARCH LEADERSHIP... 
A FORTY-YEAR TRADITION 


Today Sperry is the recognized leader in 
developing automatic controls for naviga- 
tion. From Sperry’s work in gyroscopics 
and electronics have come the Gyro- 
pilot* flight controller, Zero Reader® flight 
director, radar, servomechanisms, com- 
puting mechanisms and communications 
equipment. 


Sperry sponsored the development of the 
klystron tube—the first practical source of 
microwave energy. From Sperry pioneer- 
ing has come a complete line of Micro- 
line* instruments for precision measure- 
ment in the entire microwave field. 


CHECK YOUR PLACEMENT OFFICE FOR 
DATES WHEN SPERRY REPRESENTATIVES 
WILL VISIT YOUR SCHOOL...OR WRITE 
SPERRY EMPLOYMENT SECTION 1AS5. 





#7.M. REG. U.S. PAT. OFF. 





GREAT NECK, NEW YORK CLEVELAND - NEW ORLEANS » BROOKLYN - LOS ANGELES SAN FRANCISCO + SEATTLE 
IN CANADA=—-SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 
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CHEMICAL PROBLEM... 


... to launder shirt collars so that 
they are crisp and neat, and do 
not chafe your neck. 


SOLUTION... 


... Hercules® CMC, a new laun- 
dry finishing aid developed by 
Hercules cellulose chemistry. Col- 
lars and cuffs treated with CMC 
have fullness of body without 
“sawtooth” or harsh edges. 

CMC also improves the finish 
of dresses, table linen, curtains, 
aprons and other apparel, and 
makes clothes whiter. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 





Hercules’ business is solving problems by chemistry for industry ..« 
. . . soaps, detergents, rubber, insecticides, adhesives, plastics, paint, varnish, lacquer, textiles, paper, 
to name a few, use Hercules® synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules® explosives serve mining, quarrying, construction, seismograph projects everywhere. 


HERCULES 





HERCULES POWDER COMPANY Wilmington 99, Delaware 


meoneonareo 


Sales Offices in Principal Cities 
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Stability of model aircraft 


By John Rossettos, '55 


To any model builder the subject of stability is 
extremely important. Essentially it deals with restora- 
tion of an equilibrium which has been upset by forces 
and moments about the center of gravity of an airplane. 
Large scale aircraft usually resort to both inherent 
stability and automatic control. But for the model, 





TRIM CONDITION OF FLIGHT 


lacking a pilot, the only course is an inherent stability 
built into the craft. Of course this makes construction 
a problem. 

As the model is three-dimensional, one will notice 
three directions of rotation about the three mutually 
perpendicular axes. The intersection of these axes is 
chosen as the center of gravity. When the airplane is 
tilted slightly about any of these axes, it follows that in 
order to restore it to normal flight, forces and torques 
must be developed to restore equilibrium. This inherent 
stability of a model will now be discussed with respect 
to each axis. 

The nosing up or down of an airplane is referred to 
as longitudinal instability. The solution to this form 
of rotation is found in the simple lever principle, which 
is applicable to a body whether it is in static or dynamic 
equilibrium. The four forces acting on an airplane in 
the air, are the lift (L), total drag (Dt) (Dwing + Dparasite)s 
thrust (T) and weight (W). Let us first assume that all 
these forces pass through the center of gravity. As long 
as the airplane is in level flight with constant velocity, 
all forces will balance and a complete state of equilibrium 
will exist. This is all fine but not very probable. Any- 
one who has flown a model can readily realize that 
obtaining constant velocity and a level course in flight 
is an eternally evasive goal, especially with all sorts of 
air gusts striking the model. Suppose such a gust forced 
the nose upward. The wing bin now be operating at 
a greater angle of attack a (a is the angle the wing 
makes with the relative air stream). The center of 
pressure, or the point where the resultant of L and Dy 
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acts, moves ahead of the center of gravity on the wing. 
The assumption is made that the thrust, weight, and 
parasite drag act through the center of gravity and 
produce no moments. With a greater a a particular 
airfoil will give us a greater L/Dy ratio, therefore a 
greater resultant. Since the center of pressure is dis- 
placed ahead of the center of gravity, a clockwise 
moment which eventually leads to the undesired stall 
is produced. If the center of gravity is considered a 
fulcrum, a small force at a sufficient distance behind it 
can produce an equal counterclockwise moment, which 
will restore the plane to a balanced state. The stabilizer 
or tail is the source of this small force; it is like a win 
in its dynamic characteristics. If the airplane is aeed 
upward as we supposed, the angle of attack on the 
stabilizer, and hence the lift, also increases. This small 
upward force at the end of the model acts at a large 
distance from the center of gravity, and the resulting 
moment is thus sufficient to produce equilibrium. The 
greater tail area will of course produce a greater lift. 

Determining the proper amount of tail area is not 
possible by formula, as each airplane design has its 
individual “personality.” Wind tunnel tests are the 
only accurate means available. Tests on various areas 
indicate the following relation: 


S; = SwcK/I, 


where S: is the stabilizer area, c the average chord 
length in inches, | the length of the moment arm, Sy, 
the wing area, and K the unknown factor depending 
upon the characteristic of the airplane. In model 
building, K assumed equal to one is often found a 
satisfactory basis. Also one can see that the tail area 
for a model is comparatively greater than its prototype, 
because of the requirement of an adequate inherent 
stability. Experience has shown that the tail area of 
thirty to forty per cent of the model wing area will 
assure longitudinal balance. 
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FIG. 3 


The effect of wing location on longitudinal stability 
is quite important. If the wing is directly above the 
center of gravity, the moment created will be due to 
the drag on the wing. Since it will be clockwise, the 
nose will go up. Therefore the stabilizer should be 
built in with a definite positive angle of attack to main- 
tain a balancing moment for level flight. If the wing is 
above and behind the center of gravity, the greater lift 
force will tend to give a counterclockwise, nosing down, 
moment. A negative angle of attack on tail should be 
built to produce a balancing clockwise moment. The 
problem varies with any wing location, and curves of 
lift vs. angle of attack can be consulted to determine 
the interplay of moments. 


CENTROID OF 
LATERAL AREA 





So far we have assumed that the thrust acts through 
the center of gravity. Of course this is seldom possible 
in model design, and therefore another moment is added 
to the others. Obtaining stability by setting the stabi- 
lizer is not possible for a rubber powered model, where 
T is a variable. Let the distance z denote the displace- 
ment of T from the center of gravity. The stabilizer 
force is set at the constant fF. The moment equation 
is then Tz = Fl. As T varies, the right side of the 
equation is no longer balanced by the variable left side. 
A gas model, however, does maintain a fairly constant 
thrust. As soon as the engine stops, Tz disappears and 
the tail moment which is built in causes a steep dive. 
Enough speed is usually built up to increase the lift, 
and the plane zooms upward. This up and down motion 
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continues until it lands. The best solution to thrust 
instability is to get the thrust line very close to the 
center of gravity. Figure | is a diagram that shows 
significant forces and equation of trimmed model. 

An important ccaukiianian at this point relates to 
downwash, which involves the air over the wing. This 
air will attack the stabilizer at an angle even if level 
flight exists. Therefore the stabilizer must be posi- 
tioned at a definite angle with respect to the direction 
of motion to avoid a negative angle of attack with 
respect to this downwashed air. Wind tunnel tests 
have given us relations to compute this angle. 

The other two forms, lateral and directional sta- 
bility, are very closely related. Any roll about the 
longitudinal axis is a sign of lateral instability. A roll 
will result in a sideslip as follows: if a gust of wind lifts 
one wing with respect to the other, the lift forces, 
which are always perpendicular to the wing, now have 
components in the vertical and horizontal directions. 
The horizontal component of lift and the thrust produce 
a resultant force which makes the airplane move in a 
sidewise direction. The relative air stream will there- 
fore attack the wing from the side. Here is where the 
use of a dihedral wing is useful in maintaining lateral 
stability. When the airplane is displaced, it immedi- 
ately begins to sideslip. As a result, the relative air will 
attack the lower wing at a greater angle, as shown in 
figure 2. The corresponding lift component will be 
greater than that of the uplifted wing, and the restoring 
moment will balance the craft. A disadvantage of 
dihedralism is that it lowers the efficiency of the wing. 
Since the lift on a wing always acts perpendicular to its 
surface, a sloped dihedral surface will produce a compo- 
nent parallel to the weight direction, smaller than the 
original lift, thus decreasing the net lift effect. There- 
fore the most efficient wing from this standpoint is a 
straight one. In selecting the proper dihedral, the 
model builder should carefully analyze the individual 
characteristics of his craft and make certain that effi- 
ciency does not drop down excessively. 

By far the most important single factor of design 
affecting lateral stability is the location of the center 
of gravity. A low center of gravity has a pendulum 
effect on a lateral displacement, rebalancing the model 
with the resulting restoring moment as shown in 
figure 3. From the diagram, one realizes that a very 
low center of gravity results in a larger moment arm 
and a correspondingly greater restoring moment. That 
is why most models are built with a high, parasol wing. 
In the case of a low wing model it is impossible to get a 
low center of gravity, and a great dihedral is usually 
resorted to. A general rule is about a six to nine degrees 
dihedral for models, but the smallest possible for effi- 
ciency purposes should be aimed at. 

Coming to directional instability, the location of the 
centroid of lateral area is of significance. This is simply 
the center of pressure (resultant of all sidewise forces 
through it) of the projected area of the fuselage on the 
vertical plane. A cardboard profile of the body is sus- 
pended at two different points and enables one to get a 
very close approximation of its position. Referring to 
figure 4 one can see how this location affects directional 
stability or rotation about the vertical axis, and also 
lateral stability. In the latter case, according to the 
discussion on sideslip, the air stream acting on the 
fuselage will produce a restoring moment px (figure 4) 
and thus a lateral balance. In directional stability, if 
the airplane is displaced, rotating about the vertical 
axis a restoring moment py (figure 4) will balance it 
into a normal flight direction. If the centroid of lateral 
area were in front of the center of gravity the moment 
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When this automobile clock was designed, 
its manufacturer had in mind the proba- 
bility of varied instrument panel locations 
with the resultant need of an adaptable 
coupling to the control knob. He chose an 
S.S.White flexible shaft to do the job. As 
the illustration shows, this simple hook-up 
permits both the clock and the control 
knob to be located in its most advanta- 
geous position. 
* * * * 


Many of the problems you'll face in indus- 
try will involve the application of power 
drives and remote control with the em- 
phasis on low cost. That’s why it will pay 
you to become familiar with S.S.White 
flexible shafts, because these “Metal 
Muscles”® represent the low-cost way to 
transmit power and remote control. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET... 


Bulletin 5008 contains 
basic flexible shaft data 
and facts and shows how 
to select and apply flexible 
shafts. Write for a copy. 
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DENTAL MFG. CO. Dept.C, 10 East 40th St. 
NEW YORK [6, N. Y. 
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Demonstrating the 
Dependability of 
LAW 


Equipment 





The portable steam engine shown at left was operated in Virginia from 
1872 to 1949: the Corliss type above, built in 1891, is still running at 
Irwin, Penna. Another Frick Corliss, shipped in 1888, is still going strong 
at Weldon, N. C. 


Frick Company was established a century ago for making engines and 
farm machinery. For over 70 years 
it has pioneered in building refrig- 
erating and air conditioning systems. 
Frick compressors commonly achieve 
service records of 40 years; many 
have run 50; some even 60! 


This portable engine still runs after 72 
years’ active service. 


The whole story of Frick equip- 
ment is told, with 200 illustrations, in 
the Centennial History just pub-, 
lished: send $1! for your copy. 

The Frick Graduate Training Course 


in Refrigeration and Air Conditioning, 


operated over 30 years, offers a career in 


@ growing industry 





The largest Frick refrigerating machine 
ever built (1896), was 50 ft. long: in 
service for Armour 40 years 
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‘Also Builders of Power Farming and Sewell Machinery 





would only serve to aggravate the cause of rotation and 
produce a spin. In this case the rudder area is increased 
in order to move the centroid of lateral area behind the 
center of gravity. Caution in not moving it too far 
back is necessary to avoid spiral dives. 

Sweepback of the wings also affects lateral stability, 
since the component of velocity on the lower wing is 
greater because of a greater angle of attack. The 
differential in lift therefore restores the balance. In 
directional stability, any rotation of sweptback wings 
which causes one wing to be almost perpendicular to 
the relative air will cause the other to attack the air at 
an angle. The perpendicular wing of course will pro- 
duce more drag, and the craft will rotate into a normal 
position. Sweepback decreases the efficiency of a wing 
because less area is projected at the airstream. Also it 
has a tendency to produce spin on the slightest displace- 
ment. For this reason few models use it today. It is 
definitely not advisable beyond twenty degrees. 

The propeller torque produces a reaction which 
tends to roll the body especially in rubber-powered 
models, The best way to eliminate this aad snes 
quality is to offset the position of the propeller. The 
propeller pull in one direction will thus Save the 
reacting torque in the other. 

Finally and most important is an accurate determi- 
nation of the center of gravity of the model, upon which 
depends the entire design. In other words, both come 
hand in hand and trial and error should be looked for- 
ward to. Usually after the model is built the center of 
gravity is misplaced. A slight wing adjustment may be 
capable of restoring the center of gravity to its proper 
location. Another grim possibility also remains: one 
can tear the parts up. Patience and fortitude usually 
result in success and a smile for the model builder. 
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m. |. t. foundry photos 


By Mike Ginsburg, '56 


(Above left) In the background, floating slag is 
being removed from molten iron in a high fre- 
quency induction furnace. The ladle in the fore- 
ground is being preheated by a torch. 

(Above right) A violent reaction takes place when 
the molten iron is poured into the ladle containing 
magnesium chips. It is over in a few moments, 
however, and the ladle is moved by a chain hoist 
to pouring position. 

(Below right) Here the molten alloy is being poured 
into a clay graphite crucible held by two men at 
the ends of a hand shank. It is much more con- 
venient fo fill the molds from this than from the 
large ladle. 

(Below left) The alloy is poured into molds of syn- 
thetic sand. Rice hulks cover the filled molds, and 
the flames are caused by a few which have ignited. 
(Left) The alloy cools in the molds, the rice hulks 
on top being used to keep down the radiant heat 
loss. In this way the metal cools evenly, and the 
upper part does not solidify before the lower part. 
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MEET YOURSELF 
10 YEARS FROM NOW 


Ever wonder what you'll be like when the class of ’53 holds its 10th 
reunion? If you started to work for one of the Bell System telephone 
companies after graduation, we can give you a pretty good idea. 
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POSITION IN THE WORLD: On the way up! A Devclopment Engineer 
with the Bell Laboratories. Perhaps exploring the application of funda- 
mental new electronic inventions to telephone communications. A 
Transmission Engineer, helping to provide the telephone needs of an 
entire state. A Supervisor in the Traffic Department, responsible for the 
speed and quality of local and long distance service in several cities and 
for the personnel relations of a large number of cmployecs. In the tele- 
phone company, jobs such as these are held by relatively young men 
and women. 
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FUTURE: Unlimited! The Bell System continually progresses and expands 
and its personnel grows with it. In the past 25 years, the number of 
telephones has almost tripled. In the past 5 years, telephone companies 
have introduced such things as network television transmission, radio- 
telephone service and dialing of Long Distance calls. And the best is 
yet to come. 


FRAME OF MIND: Confident and proud! You'll be satisfied because you 
have a rewarding job... not only in pay and security... but in service. 
You'll be proud of your share in helping provide and develop a telephone 
service vital to the country’s social and economic life. 

Like the picture? For further information see your Placement 
Officer. He will be glad to give you details regarding the opportunities 
for cmployment in the Bell System. 
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Hughes Research and Development 
Laboratories, one of the nation’s 
leading electronics organizations, are 
now creating a number of new 
openings in an important phase of 
their operation. 


Here is what one of these positions offers you: 


THE COMPANY 


Hughes Research and Development 
Laboratories, located in Southern Cali- 
fornia, are presently engaged in the 
development and production of ad- 
vanced radar systems, electronic 
computers and guided missiles. 


THE NEW OPENINGS 


The positions are for men who will 
serve as technical advisors to govern- 
ment agencies and companies 
purchasing Hughes equipment—also as 
technical consultants with engineers of 
other companies working on associated 
equipment. Your specific job would be 
essentially to help insure successful op- 
eration of Hughes equipment inthe field. 


HUGHES 


RESEARCH AND DEVELOPMENT 


LABORATORIES 


Engineering Personnel Department 
Culver City, Los Angeles County, California 
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THE TRAINING 


On joining our organization, you will 
work in the Laboratories for several 
months to become thoroughly familiar 
with the equipment which you will later 
help users to understand and properly 
employ. If you have already had radar 
or electronics experience, you will find 
this knowledge helpful in your new 
work with us. 


WHERE YOU WORK 


After your period of training—at full 
pay—you may (1) remain with the 
Laboratories in Southern California in 
an instructive or administrative capac- 
ity, (2) become the Hughes represen- 
tative at a company where our equip- 


How to apply: 


ment is being installed, or (3) be the 
Hughes representative at a military base 
in this country—or overseas (single men 
only). Compensation is made for 
traveling and moving household effects, 
and married men keep their families 
with them at all times. 


YOUR FUTURE 


In one of these positions you will gain 
all-around experience that will increase 
your value to our organization as it 
further expands in the field of electron- 
ics. The next few years are certain to 
see large-scale commercial employment 
of electronic systems. Your training in 
and familiarity with the most advanced 
electronic techniques now will qualify 
you for even more important future 
positions. 


See your Placement Office for 


Engineering Staff who will visit 


your campus. Or address your 
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: appointment with members of our 
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: resumé to the Laboratories. 
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chess and politics 


Applications of Games Theory to International Affairs 


By Prof. Karl W. Deutsch 


















The “Theory of Games” of John von Neumann and 
Oscar Morgernstern represents a new approach to the 
study of political and social decisions, and to the stud 
of those decisions about other decisions, which we a 
strategies. Empirically, the approach of the theory of 
games is based on the existence of far-reaching similari- 
ties between certain conventionally standardized games 
and certain recurrent social situations. Where such 
similarities exist, it is held to be more profitable to 
analyze first the games rather than the far less sharply 
defined social situations. 

The similarity of certain games and certain social 
situations is, of course, not accidental. A considerable 
body of psychological research deals with the transfer 
of patterns of social behavior into the play activity of 
children, and back from the play of children into social 
life. It seems plausible that adults, as well as children, 
may tend to find those types of games more interesting 
which would permit them to adopt patterns of behavior 
which they could also apply to some social situation, or 
which would permit them to act out, as games, those 
patterns of behavior which were initiated in some 
experience of social life, but which only in the innocuous 
form of games can be carried to com- 
pletion. Though we cannot wage 
private war and kill our opponent, 
we can play chess and checkmate his 
king; and the art of deceiving others 
profitably is more safely practiced 
first in the game of poker than in 
politics or economic life. 

Granting the potential relevance 
of games to the analysis of political 
behavior, the approach of the theory 
then consists, first of all, in analyzing 
simplified prototypes of such games 
as chess, poker, and others; to calcu- 
late, as accurately as possible, the 
winning chances for each player and 
each hand; and to determine the 
conditions under which advanta- 
geous coalitions can be made, or 
alternative strategies can be evalu- 
ated for their chances of success. 

Most of the decisions in games of this kind must be 
made under conditions of incomplete information. In 
a card game, we may be ignorant of our opponent’s 
hand, or of the cards he or we may draw from the pile. 
In chess, we know the position of the pieces of our 
opponent, and have theoretically “‘perfect information,” 
at least so far as classical games theory is concerned; 
but even here we do not know his strategy, even though 
we do know that our decisions must depend on his, and 
his on ours in turn. In sum, in each game we know the 
limits and characteristics of a smaller or larger ensemble 
of possibilities, and the theory assumes that these can 
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be treated by a sophisticated application of the mathe- 
matics of probability, and of the mathematical treat- 
ment of decision sequences. 

Within certain limits, which will be discussed later, 
this assumption seems to be justified; and the relevance 
of this approach to certain problems of politics seems 
clear. In international as well as in domestic politics, 
coalitions are made and broken by decisions based on 
estimates of strength under conditions of incomplete 
information about the present and uncertainties about 
the future. Uf the concept of the balance of power, as 
developed by Machiavelli and his successors, has its 
place in the field of political science, then the theory of 
games cannot be denied the same standing. To assess 
the probabilities of success of a political or military ven- 
ture, and to select a strategy most likely to insure it, has 
long been a major preoccupation of statesmen. Even 
more often, perhaps, statesmen have attempted to 
assess the strength of a political position or institution, 
and the chances for its change or overthrow, in order 
to be able to select the safest course of action. In one 
form or another, all these problems appear in the theory 
of games, and its petri ime on political and social 
science should be considerable. 

Already today some traces of this 
impact can be noticed. Interest in 
the theory of games has promoted a 
new style of thinking in much the 
same manner as has the more general 
interest in the development of social 
science concepts that would be ame- 
nable to mathematical treatment. 
As a result, political and social theo- 
ries are more frequently formulated 
in terms which are at least ‘‘con- 
ceptually quantifiable,” and which 
are expected to lend themselves 
eventually to accurate mathematical 
representation. This has forced so- 
cial scientists to seek a sharpness in 
the definition of their terms to which 
they had rarely been accustomed, 
and it has forced them to ask in the 
case of each concept whether there 
existed any practicable operations by which it could in 
fact be tested or measured. Some of these emphases on 
mathematical representability and operational defini- 
tions, in turn, may induce political scientists to realize 
more clearly the implications of familiar notions which 
previously had been taken for granted. 

Thus the theory of games points out that the 
assumption of ‘‘transitivity’”’ must be explicitly made 
for a game or a decision system. If in a card game a 
queen has a higher value than a jack, and a king a 
higher value than a queen, we must stipulate that the 
king must also have a higher value than the jack. At 
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chess and politics 


first glance this would seem simply “logical,” but it is 
quite possible to have games where this rule does not 
apply and where A takes B, B takes C, but C takes A. 
Such loop patterns of dominance ‘e have been observed 
by biologists in the “peck order” of chickens. 

In contrast to this, the simple notions of sixteenth 
and seventeenth century laws, that there must always 
be one single supreme ‘law-giver or “sovereign” in a 
country, contains the hidde *n assumption that the 
political decisions system of each country must be 
transitive, an assumption which may correspond to the 
facts in some instances but not in others. In point of 
fact, it might be worth investigating whether any deci- 
sion system that has autonomy, i.e. self-steering and 
self-control, can be completely transitive. 

Again, much of our thinking about politics, eco- 
nomics, and social life is based on the tacit assumption 
that there is one “‘best” solution for any set of given 
conditions and desires. This leads often to heated 
argument about the presumed all-round “superiority” 
of this or that political or economic system, or the 
counter-assertion that almost any system of solutions 
should be workable. The authors of games theory deal 
explicitly with this problem of multiple solutions, and 
they go well beyond the classic emphasis of Montesquieu 
in suggesting that in general solutions are not unique. 
Indeed, in most cases, we shall observe a multiplicity of 
solution. ‘Considering . .. solutions as stable ‘stand- 
ards of behavior’ this... means that given the same 
physical background, differed ‘established orders of 
society’ or ‘accepted standards of behavior’ can be built, 
all possessing . . . characteristics of inner stability ...” 

In addition toemphasizing specificality of de finitions, 
explicitness of assumptions, and limited ensembles of 
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possible solutions, the approach of 
the theory of games tends to make 
explicit the contrast between strate- 
gies which are “objectively” promis- 
ing or successful. That is, those 
which have a high probability of 
being rewarded by the workings of 
the games which are not controlled 
by the player; and strategies which 
are “subjectively” convenient are 
expressive of some learned habits or 
felt needs and desires of the player, 
regardless of their likelihood of being 
rewarded or penalized by the imper- 
sonal biases and rules of the game. 
E xplicitly, games theory deals only 
with “objective” strategies | which 
it evaluates as good’ > or “bad,” 

“better” or “‘worse” regardless of 
the personality structure of the 
player, or the cultural characteristics 
of the group of players who are tc 
use them. Implicitly, however, it is 
precisely this identification of objec- 
tively “good” strategies which — as 
far as it is successful — makes it 
possible to disentangle impersonal 
probabilities from personal prefer- 
ences, and to determine the extent 
and direction of the “‘mistakes” of 
sia any player, i.e. his deviations from 
ui pment the theoretically best strategy. (Some 
rial limits upon this possibility of identi- 
fying “best” strategies will be dis- 
cussed below.) 

Despite these instances of poten- 
tial usefulness to political science, 
most of the implications of games theory to politics lie 
in the future. If its potentialities are to be fulfilled, 
games theory must obtain from political scientists con- 
cepts and data which are sufficiently well-defined and 
measured to be amenable to its treatment. On the 
other hand, however, political scientists may feel that 
many of the present restrictions of games theory reduce 
its ability of dealing with political problems. 

Generally, present-day games theory assumes no 
change in the performance characteristics of the ele- 
ments of the game during the time that the game is in 
progress. If kings are higher than jacks, they usually 
retain their higher value from the beginning to the end. 
Changes — even limited changes — in the behavior of 
the parts of the game are held to be exceptions, not the 
rule. In society and politics, however, limited changes 
of behavior may be the rule, and exact rest repetition 
the exception. This possibility has perhaps found its 
classical expression in the Lewis Carroll image of the 
croquet game in Alice in Wonderland. In that game, 
as we all remember, the balls were live hedgehogs, the 
goals were doubled up soldiers, and the mallets were 
live flamingoes. The hedgehogs would crawl, the sol- 
diers would stretch, and the flamingoes would squirm, 
at every stage of the game. It was a very difficult game 
indeed, and it would perhaps have been not less difficult 
for the present theory of games. It looks in some ways 
very much like the kind of game that political scientists 
are trying to describe. 

Just as games theory ordinarily does not allow for 
changes in the performance characteristics of particular 
elements, so it does not provide ordinarily for changes 
in the rules of the game. Taken together these two 
restrictions seem to cut off games theory from the 
description of much of the process of learning. 

In most conventional social games, moreover, all 
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Progress in reaction-motor propulsion becomes possi- 
ble only as the metallurgist supplies new alloys to withstand 
the stresses, temperatures, and corrosive attack developed 
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motors of the future. 
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chess and politics 


resources of the players are treated as if given from the 
outside, either in their hands, or in some pool of cards, 
or the like, with limited probabilities of combinations 
given in advance. A typical question of present day 
policy, such as whether to convert a thousand tons of 
steel into an end product, such as guns, or into capital 

oods, such as machine tools or mining equipment 
which will eventually increase the supply of steel, finds 
few close counterparts among the problem of the theory 
of games, and the few comparable problems that do 
appear, such as the queening of a pawn, occupy a minor 
position in the total strategy of the games in which they 

are found. Furthermore, these problems are dominate d 
primarily by quite different considerations. 

More generally put, conventional games as well as 
games theory thus far have been apt to picture more 
nearly problems in the distribution of existing resources, 
and relatively to neglect the problems of the growth of 
new resources from limited beginnings. In doing so, 
games theory has comparative sly slighted the problems 
of growth, novelty and innovation. 

This in turn puts serious limitations on the possi- 
bility of treating nature as an additional partner in 
two-person or multi-person games. In a two-person 
zero sum game, such as warfare or chess, it has been 
suggested that nature could be treated as a third player. 
If the two players deplete each other’s resources in 
warfare, according to this notion, nature wins. If they 
cooperate on the ‘othe +r hand for purposes of progress, 
prosperity, or health, then death or nature may be said 
to lose. These considerations are not partic ularly he ‘Ip- 
ful for the analysis of chess, but some persons have felt 
that they might be applied to the games theory approach 
to political and military strategy. It now appears that 
this is doubtful, and that nature cannot be treated as 
just one more player with no qualitative differences 
from the rest. Unlike other players, nature may possess 
inexhaustible resources for playing the game; she can 
never be defeated so thoroughly as to force her out of 
the game; she may introduce at any time new pieces or 
new kinds; she may change the roles. For all these 
reasons the analogy between nature and other players 
of the game is like sly to remain to a large extent formal. 
In so far as other players should likewise develop the 
ability to introduce new cards or pieces and to change 
the rules of the game; that is, to apply novelty and 
innovation to a signific ant extent; their behavior, like 
nature’s, would go beyond the framework of games 
theory as it has been thus far deve loped. 

The authors of the theory are emphatic in admitting 
these limitations: 

“We respect most emphatically that our theory is 

thoroughly static.... A static theory deals with 
equilibrium. The essential characteristic of an _equi- 
librium is that is has no tendency to change... . 
They add that such a static theory is a prerequisite for 
the later de ‘velopment of any sound dynamic theory. 
Physical theory advanced in this manner from statics 
to dynamics, and social science, the authors suggest, 
might likewise find a usable dynamic theory of games 
and social behavior at some time in the future. 

In the meantime, however, only the static theory of 
games exists. It is this theory which is applied, one 
hears, to military strategy and to poker. Since the 
present theory is static, it seems likely to bias many 
decisions against giving proper weight to changing, 
dynamic fac tors. Its premature and uncritical accept- 
ance might do little harm in the field of poker, but it 
might do grave damage in domestic politics or inter- 
national relations. The risk of such damage would 
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increase with the time span over which a policy or 
strategy recommended by it would have to be ome. 

As games theory cannot deal with major changes 
over time, so it cannot deal with the problem of finding 
relevant solutions quickly enough to be of use. It 
cannot do so, it would seem, because thus far games 
theory has made no allowance for the time and cost 
needed for acquiring information. On the assumption 
that everybody can study all the probabilities relevant 
for any particular games situation, it has tended to 
favor the so-called “minimax” type of strategy, that is, 
the strategy that seeks to incur the least risks of loss, 
even at the price of accepting the smallest chance of 
gain. Under this strategy, a poker player will bluff 
from time to time, not in the expectation of deceiving 
his opponent, but merely in order to prevent him from 
relying on not being bluffed. The authors are careful to 
point out that: 

“While our good strategies are perfect from the 
defensive point of view, they will (in general) not get 
the maximum out of the opponent’s (possible) mistakes 

-i.e., they are not calculated for the offensive... 

(A) theory ‘of the offensive in this sense, is not possible 
bts essentially new ideas.” 

The assumption underlying the Minimax strategy, 
i.e., that one may always be found out, is another form 
of the assumption that all relevant information about 
the game is freely and instantly available to all players. 
The authors say: 

“We cannot avoid the assumption that all subjects 
of the economy under consideration are completely 
informed about the physical characteristics of the situa- 
tion in which they operate and are able to perform all 
statistical, mathematical, etc., operations which this 
knowledge makes possible. ... Our investigations... 
assume ‘complete information’ without any further 
discussion. ...” 

The theory —as theory — assumes, in short, that 
thinking or calculating can be carried on without any 
limitation of time or cost. 

This assumption seems unrealistic in politics. It 
seems even unrealistic in such cases as chess. According 
to an unpublished study by Dr. L. C. Haimson, Russian 
handbooks of e¢ hampionship chess have advised promis- 
ing playe rs since the 1930’s not to follow a “‘strongest 
position” strategy, but rather to force their opponent 
to make some definite commitment on the pees 9 even 
at the cost of some loss in position to themselves. Once 
the Russian player has induced his adversary to commit 
his pieces to a particular position on the board, and to 
commit his mind to working out the possibilities of a 
particular kind of strategy, he is then advised, according 
to this theory of chess, to make a radical switch in 
strategy and to confront his opponent with a new set 
of problems for which his pieces are not effectively 
disposed and for which his mind is not prepared. 

Initially in such situations the main attack may well 
be directed not so much against the principal material 
resources but rather against the decision-making capac- 
ity of the mind of the opponent. His mind is confronted 
with a burden of decisions greater than he can manage 
within the limits of available time and intellectual 
resources. The efficiency of his decisions, and only 
subseque ntly his physical position, is to be disrupted. 

Since the number of possible combinations in chess 
is very large, and becomes astronomical if the possible 
combinations for more than two moves ahead are to be 
considered, it is impossible for any chess player to con- 
sider all potentially relevant possibilities within any 
practical limit of time. In tournament chess the time 
allowed each player for considering his next move is of 
the order of one hour. During that period he would have 
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! DOW ADDS NEW EXPORT COMPANIES 


Dow has recently formed two subsidiary export 
companies to serve foreign industry’s increasing 


demands for high-quality chemicals. 


In the Western Hemisphere, Dow Chemical _ facilities, increased production, new prod- 
Inter-American Limited with sales offices in ucts developed . . . an over-all growth and 
Montevideo, Uruguay will supply chemicals expansion that requires a steady influx of 
to Mexico and to many countries in Central men of varying talents, as well as providing 
and South America. excellent opportunities for those within the 


. ; . . Dow organization. 
Industries in other continents—Europe, 


Asia, Africa, and Australia—will be served 
by Dow Chemical International Limited. Its Dow's Booklet, “Opportunities with 
first sales office will be in Zurich, Switzerland. The Dow Chemical Company,” 
especially written for those about to 
enter the chemical profession, is 
available free, upon request. Write 
to The Dow Chemical Company, 
place at Dow. Each year finds new Dow plant —‘ Technical Employment, Midland, Michigan. 
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and tension puts 
it to work 


Tighten your hands around the 
leather covered handle of a golf 
club. That’s how tension makes 
leather’s natural grip take hold. 

In the UNI-PULL leather 
belt drive, tension control and 
leather take hold of power and 
transmit it even over the short- 
est centers. 

Today, industry uses UNI- 
PULL for more individual 
drives than ever before. 
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to consider all possible moves for, let us say, two moves 
ahead; then, on the basis of this pre ‘liminary scanning, 
to select the seemingly most promising strategies; and 
then to investigate each of these selected strategies 
intensively, by considering all or some of their possible 
consequences for another four or six moves ahead. 
Without the superficial scanning of all possibilities, the 
player could not be sure that he was not overlooking 
important strategic opportunities. Without “adequate” 
criteria of selection (where adequacy would have to be 
defined in terms of some probability considerations), he 
could not be sure that he had recognized the promising 
possibilities among the vast numbe ar of possible moves 
he had surveyed. And without the intensive investiga- 
tion of all the possibilities selected as interesting, “he 
could not know whether his tentative selections had in 
fact been good. 

The player would thus have to perform four major 
operations: (1) broad provisional scanning; (2) highly 
restrictive selection of a few promising possibilities: 
(3) intensive development of the possible strategies 
selected; and (4) a decision which of the intensively 
investigated strategies to put into operation. In order 
to be comple tely effec tive, he would have to make sure 
that he had scanned superficially all relevant possibili- 
ties; that he recognized every single promising strategy 
among them; that he had deve lope. -d each of these strate- 
gies, together with all possible countermoves of his 
adversary, far enough ahead to establish a clear proba- 
bility for the outcome: and that he chose the strategy 
with the greatest probability of success. No human 
playe r, nor any e a or realistically imaginable elec- 
tronic calculator, could ¢ arry out ¢ -omple te by these four 
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A Tension controlling motor base 


B Flat leather belt 


operations in the time of an hour 
or of a day, or of a year. 

The decisive weakness is in the 
second stage. There is no sure way 
of recognizing which of all the com- 
binatorial possibilities studied in 
stage one could be developed into 
winning strategies, just as there is 
no sure way to teach a million 
monkeys writing on a million type- 
writers how to select out of all the 
possible combinations of letters 
those sequences which will parallel 
the merit of the play s of Shakespeare. 
All that can be done in this selection 
stage is to fish with a very small net 
of criteria of interest in a very large 
ocean of superficially se -anned possi- 
bilities. In any finite time, this 
search for interesting possibilities 
must be superficial rather than ex- 
haustive. A combination of suitable 
criteria of interest with a_ broad 
process of statistical sampling could 
perhaps improve the efficiency of 
the process, but could not remove 
the basic uncertainty about its 
outcome. 


It should now be clear that chess 
played with ordinary time limita- 
tions is not and cannot be a com- 
pletely determinate game, at least 
for as long a period of development 
of human brains and electronic cal- 
culators as we can now foresee. It 
should also be clear why similar 
considerations of uncertainty will 
apply to political or economic decisions whic h must 
be selected from large ensembles of possible decisions 
under definite limitations of time. And it should be 
clear what the Russian theory of chess playing, as 
described by Dr. Haimson, hopes to accomplish. It is 
aimed at overloading the second or selection stage in 
the strategic thinking of its opponent. Once this oppo- 
nent has been forced into making a commitment that 
seems advantageous to him when considered in itself, 
then his mate rial and intellectual capacity for respond- 
ing to radically new changes may have been forced into 
a commitment, the player has two enemies against him: 
the radically changing strategies of his opponent, and 
the ticking of the ¢ cloc k. 

The fact that Russian players have prominently 
figured among recent ¢ shess c hampions may or may not 
be appropriate to this discussion. In any case, there is 
reason to expect that at some future time the world 
championsh p in chess, like so many other champion- 
ships, will again be in the hands of an American. What 
seems more like sly to remain, however, regardless of the 
changing fortunes of chess competitions, is the intro- 
duction of time as an e xplicit variable in the planning of 
strategy, and the allowing for a specific time and cost 
element in the making of strategic decisions. 

Since the original ‘the sory of Neumann and Morgen- 
stern assumed that all information was av ailable to 
players who were under no limitation of time or cost in 
making up their minds, the explicit introduction of 
these limitations may well lead into a “post-Neu- 
mannian” stage of the theory of games —a stage in 
which Professors Neumann and Morge nstern them- 
selves may well play a leading part. As this new stage 
in the theory of games deve lops, it should become 
increasingly applic able to problems of international as 
well as domestic polities. 
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Out of the stars — a cure for h -adlight glare: 


When RCA scientists developed an 
electron tube so sensitive that it could 
respond to flickering starlight, astron- 
omers promptly put it to work in their 
studies of the Universe. 


Called a multiplier phototube, RCA’s 
invention now “takes to the road” in an 
instrument which will add to your safety 
when driving at night. The multiplier 
phototube is now being used in an auto- 
matic control for automobile headlights. 


Here’s how it works. RCA’s tube, in a new 
system, sits behind your windshield where 
it can “see” approaching headlights. A car 
comes, and the multiplier phototube acti- 


Using an electron tube developed by RCA, automotive engineers have 
perfected an instrument which automatically controls automobile headlights 


vates a system which shifts your headlights 
to low beam—returns them to high when the 
other car has passed. It’s simple. It’s com- 
pletely automatic. And what’s most impor- 
tant, it lets you keep your undivided atten- 
tion where it belongs... on driving your car. 


Development of the multiplier phototube 
is another example of how RCA research 
benefits you. RCA research assures you finer 
performance from any product or service of 


RCA and RCA Victor. 


* * * 


See the latest in radio, television, and electronics at 
RCA Exhibition Hall, 36 West 49th Street, N. Y 
Admission is free. Radio Corporation of America 
RCA Building, Radio City, New York 20, N. Y. 
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World leader in radio— first in television 
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CONTINUE YOUR EDUCATION 
WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
offers you opportunity to gain valuable 
well-rounded training and experience at 
a good salary with opportunities for ad 
vancement. Here are only five of the many 
projects which offer unusual promise 


@ Development and design of radio re 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations ) 


© Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems 

© Design of component parts such as 
coils, loudspeakers, capacitors 

© Development and design of new re- 
cording and producing methods 

© Design of receiving, power, cathode 
ray, gas and photo tubes 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 
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Oh say 


can you see- 


“That's Jonesey—putting out his flag again. 


“He hasn’t missed one Sunday in the 
eight years we've been neighbors. I used 
to kid him about it a lot. Asked him 
why didn’t he buy a cannon to shoot off 
with it. He took it good-natured-like. 
But we got to talking last week about 
war in general. That was the first time 
I even knew he had a son. 


“His boy, Joe, enlisted right after Pearl 
Harbor and got overseas fast. When 
young Joe came back, Jonesey met him 
at the railroad station, stayed up with 
him all night and rode out with him to 
the cemetery on the hill. After it was all 
over, the sergeant gave Jonesey the flag 
that had covered Joe. That’s it over there. 
I don’t kid Jonesey any more. 


“Instead, I’ve been listening respectfully 
when he talks about the flag . . . only 
when 4e says it, it’s Flag. With a capital 
F. Same capital F he ‘puts on Freedom, 
which is what he really means. Jonesey 
sure made me think about Freedom a lot. 
For instance... 


“When I vote, nobody knows where I 
put my X’s. Nobody puts me in jail for 
picking out my own church. And no 
teachers tell my kids to spy on me and 
turn me in because I squawk about taxes 
or high prices. And when I told my boss 
I was quitting to open a little grocery 
with the dough I’d saved in war bonds, 
he wished me luck and said he’d have 
his missus buy their groceries from me. 


“That's what Jonesey meant when he 
said our Freedom is right under our 
noses. Can’t feel it or see it. But it’s there 
just the same, wrapped up in every star 
and stripe in that Flag across the street. 


“And, if you’ll excuse me, I’m going out- 


side and hoist my own Flag, too . . . just 
bought it last night. ‘Oh say can you see?’ 
I sure can... now!” 


REPUBLIC STEEL 


Republic Building, Cleveland 1, Ohio 


RF) 


Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong only in an America that remains 
strong and free . . . an America who owes 
much of her prosperity to her many huge 
industries that provide her people with the 
world’s finest living. Through these many indus- 
tries, Republic serves all America. A typical ex- 
ample can be found in the Petroleum Industry 
whose products furnish much of the nation’s 
power, heat and light. In this production, too, 
steel plays a vital role . . . carbon, alloy and 
stainless ... much of which comes from the 
many mills of Republic. 


x 





* * 


For a full color reprint of this advertisement, 
write Dept. H, Republic Steel, Cleveland 1, Obio. 
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Lockheed can train you... % 
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This Plane made History 








The P-38 Lightning — first 400 mile 


It’s your aptitude, your knowledge of engineering principles, per hour fighter-interceptor, the 
: : : “fork-tailed Devil" that helped 
your degree in engineering that count. win World War It. 
Those—plus the opportunity Lockheed is offering you—are all you need for a This Plane is making History 


career as an aircraft engineer. In Lockheed’s special program for engineering 
graduates, you may go back to school, or you may convert to aircraft work by 
doing—on-the-job training. But whichever it is, you receive full pay while learning. 





But Lockheed offers you more than a career. It offers you a new life, in an area 


The Super Constellation — larger, faster, 


where living conditions are beyond compare. Outdoor living prevails the peste ny ate hed rena ny bate 


and commercial jet transport. 


year-’round. Mountains, beaches are an hour from Lockheed. 
This Plane will make History 
See your Placement Officer today for the details on Lockheed’s Aircraft Training Program 


for engineers, as well as the better living conditions in Southern California. The jet of 
i the future— the plane 
If your Placement Officer is out of the illustrated brochures describing living and 7 you will help create— 
working conditions at Lockheed, write M. V. Mattson, Employment Manager belongs here. 


This plane — wnich exists only in 
nbd the brain of an engineer like yourself 
th Z CE Aircraft Corporati ion — is one reason there's a better 


future for you at Lockheed. For 
i : Lockheed will always need engineers 
Burbank, California with ideas, engineers with 
imagination, engineers who build 
the planes that make history. 
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hard facing 


Approach to Wear and Costs 


The attempt to counteract the deteriorating influ- 
ence of mechanical wear, chemical corrosion, and thermal 
effects on metal parts has seen the engineer develop new 
metals and new methods for their processing. It has 
seen the metallurgist enter the atomic scale in an 
attempt to find reasons and theories for the behavior 
of metal. In short it has created an era of ‘tailor-made 
steels,” of ““man-made metals,” of ceramels and the 
like. It is the purpose of this article to present a rela- 
tively unknown means of dealing with metals and the 
uses to which they are subjected. 


Example of a composite casting containing hard 
inserts, cast into place in a softer matrix that is con- 
trolled for frictional properties. This is a railway 
locomotive brake shoe. Insert arrangement is more 
satisfactory than hard surfacing in this case. 










Hard-surfacing grinding mill ring used for pulveriz- 
ing cement clinker. About 75 pounds of martensitic 
cast iron overlay were required for this seven-foot 
diameter part. Upto 4,500 hours of service resulted 
from hard-faced rings. 


By Norman R. Gardner, '53 








This method is known as hard facing, and it is 
basically a method which deals in placing a more suit- 
able alloy over a base of less suitable metal. The layer 
is welded onto the base metal, and comprises a thick- 
ness of from one thirty-second to three-eighths of an inch. 
The technique offers several salient advantages as com- 
pared with the use of a homogeneous part. In the first 
place, there are great economics to be realized in certain 
special applications. The cost of special alloys is high; 
therefore, the use of these alloys on a relatively cheaper 
base makes possible a saving in metal costs. In addition, 
the method makes possible the preferential application 
of such special alloys at points where deterioration is 
expected. The ease of application, outside of the manu- 
facturing plant or within, is also of practical considera- 
tion. Finally, the longer service of the part along with 
the elimination of costly shut-downs and subsequent 
idle labor losses is of great importance. 

If we are to speak of wear, corro- 
sion, and heating effects, it will be 
well to spend some time on the na- 
ture of these three influences. Me- 
chanical wear is generally thought 
of in terms of stresses. The com- 
plexity of situations arises from the 
various ways in which these stresses 
are created, and the means by which 
they are distributed. If the stresses 
arise through hard particles, the 
wear is typed as erosion or abrasion. 
Stresses arising from collapsing 
bubbles in a turbulent fluid may 
produce cavitation erosion. If from 
the interference of metal surfaces in 
motion, it can be called frictional. 
Stress by forcing clean surfaces into 
intimate contact may also cause 
seizure, galling, scoring and the like. 
These phenomena may be typed as 
welding wear, and are usually asso- 
ciated with friction under conditions 
of poor or incomplete lubrication. 

Impact is typified by very large 
stresses acting within short time 
intervals. It is a very important 
type of stress creator and must be 
taken into consideration in engi- 
neering design. The magnitude of 
the kinetic energy and velocity of 
impact blow determine whether a 
structure will absorb energy, and 
then return elastically to its original 
state, or whether plastic deforma- 
tion will result. 

Corrosion is sometimes a con- 
sideration. This complex type of 
wear is often alleviated by the use 
of stainless steel or some other corro- 
sion-resistant alloy. Selection of a 
ductile metal with restricted carbon 
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hard facing 


content, if the carbon influences the corrosion rate, is 
common. For instance, are welding is preferred over 
gas welding because of the expected salicla pickup at 
the surface of the weld. In contrast, the arc weld causes 
considerable dilution of the facing alloy with the base 
metal and, therefore, a higher alloy ed material is gener- 
ally used. 








Property MATERIAL | CHARACTERISTICS* 
— : casinidianetipetats 


1. Tungsten Carbide Maximum abrasion resistance 
Composites Worn surfaces become rough 





High Chromium Excellent erosion resistance 
Irons Oxidation resistance 


Excellent abrasion resistance 
High compressive strength 


Martensitic Irons 


Oxidation resistance 
Corrosion resistance 
Hot strength and creep resistance 


Cobalt Base Alloys 





Corrosion resistance 
May have oxidation and creep 
resistance 


Increasing Abrasion Resistance 


—_—_————_-—___» 


Nickel base Alloys 








Martensitic Steels | Good combinations of abrasion 
| and impact resistance 
Good compressive strength 


Pearlitic Steels Inexpensive. Fair abrasion 
and impact resistance 


| Work hardening 
| Corrosion resistance 
Maximum toughness with fair 
abrasion resistance. Good metal 
| to metal wear resistance under 
| | impact 


Austenitic Steeis 
Stainless Steels 
Manganese Steel 


Increasing Toughness 


} 
| ' 





Properties sensitive to carbon content and structure 
Graded series of wear-resistant alloys. 


Hard facing is useful where heat is a consideration. 
Heat causes metal deterioration through oxidation, 
tempering, softening, and intergranular corrosion. 

These problems of metal wear, and its prevention, 
have been approached in various ways. The surface of 
metallic objects is sometimes coated with other metals 
or with fused oxides (porcelain or enamel), to prevent 
corrosion, or impregnated with carbon or nitrogen to 
make them hard. In the case of carbon impregnation, 


The deposited metal consists of tungsten carbide 
granules scattered through a matrix of tungsten 
steel or iron, depending on carbon oxidation and 
dilution. 


Fungaite ange £_ GRAINS 
SIZED AS SPECIFIED 


me 


Usually 60% by weg 


MMipbe ATE Tw Ee 


Usually 42% by wergrt 


TunGsran CAR @IDE 
GRAINS PARTIALLY 
OissOive (iN THe 
MOLTEN WELD METAL 


Haro Facins ~ 
Qerosir we 
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or carburizing, iron or steel objects are packed in bone 
charcoal (or any carbon-forming compound) with a 
catalyst, usually a mixture of alkali carbonates, and 
heated for several hours at a temperature above 900° C. 
The carbon diffuses into the iron under a force of the 
high-carbon concentration gradient between the metal 
surface and its interior. Formation of the hard iron- 
carbon compound, Fe;C, gives the metal a very hard 
(and abrasive-resistant) surface with the remainder of 
the cross-section still rather ductile. In the case of 
nitriding, a similar procedure is carried out with 
ammonium. The formation of iron nitrides at 525° C. 
after ninety hours has the same effect. A combination 
of these effects is realized in cyaniding, where fused 
sodium cyanide is used to supply both carbon and 
nitrogen. 

All these methods have important limitations where 
heavy wear, of one sort or another, is expected. The 
thickness of the heated surface is rarely more than a few 
hundredths of an inch deep and not applicable for lon 
or heavy use. In addition to the quantity of the heate 
surface, the required properties are often not possible 
by the preceding methods. 

It is on this note of impotency, then, that we 
approach the hard facing method — not as a panacea, 
but rather as a fruitful expedient in many wear appli- 
cations. 


Relative abrasion resistance of hard-surfacing 
deposits. 


MARTENSITIC STEEL - electric weld 
AUSTENITIC IRON - gos weid 


AUSTENITIC Mn STEEL - electric weld 
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PEARLITIC STEEL - gos weid 


Test Standard SAE 1020 STEEL 


POOR <*—— RELATIVE ABRASION RESISTANCE ——e 00 


The facing materials are roughly classed as five 
types. These types are such that they embody a 
unique combination of metals and, therefore, a definite 
set of properties. However, the selection of a hard 
surfacing overlay for a particular application is com- 
plicated by a combination of sometimes conflicting 
types of wear and, as always, the all-powerful dollar 
economy. Therefore, hard facing requires that intan- 
gible of engineering judgment and appreciation of 
economy. 

The first of the groups comprises those alloy steels 
with less than 20% alloy constituents. These alloying 
elements consist mainly of chromium, tungsten, manga- 
nese, silicon and carbon. In this group shock resistance 
and toughness are obtained at the expense of hardness 
and wear resistance. However, the wear resistance is 
better than that of any machine steel. This group is 
the cheapest of the five types. 
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When the country’s largest railroad 
loudspeaker SYHOM was planned in the Baltimore 


and Ohio's yards near Chicago, the choice of cable to be 
used was a key factor. With 37 miles of underground 
cable involved, subsequent maintenance costs could con- 
ceivably be a major item if any but the best cable were 
to be used. 

Okonite cable was chosen for this job because of its 
superior rubber insulation and the resistance of its 
Okoprene sheath to alkalis, acids, oils and other corrosive 
substances encountered in railroad yard installations. To- 
day, 197 two-way loudspeakers, 50 paging speakers, a 
complete telephone and printing telegraph system, and an 
independent inter-communicating system between offices 
in the yard are operated over Okonite cables in this 


network. 
@ee 


Tough jobs are the true test of electri- 
cal cable... and installations on such 
ON) — jobs usually turn out to be Okonite. 


A 
i Ay 
| 
+ RE i y E as | insulated wires and cables 
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hard facing 


Secondly, the type of iron base alloy with more than 
20% alloy constituents. In addition to the alloying 
elements mentioned in group one, cobalt, nickel and 
other elements are sometimes contained in these alloys. 
The addition of these harder elements, and in greater 
quantities, makes for a facing material that is harder, 
and more abrasion resistant, but generally poorer in 
toughness and shock resistance. As might be expected 
the group is somewhat more expensive, but longer 
service usually compensates for the greater initial cost. 

The third group of hard-facing products consists 
essentially of non-ferrous alloys with the principal 
ingredients being cobalt, chromium, and tungsten. 
They may have other elements in lesser amounts. 
Because of the high chromium content in these alloys, 
they are stainless and non-tarnishing. In addition to 
these corrosion resistance properties, certain of these 
alloys exhibit red-hardness, that is, they practically 
retain their original hardness at elevated temperatures. 
The high carbon Cr-Co-Ni alloys have good abrasion 
resistance, but are not used for this purpose if corrosion 





the higher price. Alloys of group two are usually used 
for single A reece wear. 

The fourth group consists of the so-called diamond 
substitutes, the hardest and most wear-resistant (includ- 
ing red-hardness) of all hard facing materials. This 
group is made up of either almost pure fused tungsten 
carbides or those containing 90-95% tungsten carbides, 
the remainder being cobalt, nickel, iron, or similar 
elements. The latter are added to impart toughness 
and impact strength to the carbides. 

These diamond substitutes require more skill in 
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or red-hardness is not also encountered, because of 


application, since the ordinary oxyacetylene flame does 
not melt the carbides. In view of this consideration, 
it is applied by means of other metals which wet the 
carbides and hold them securely to the wearing surface 
in which they are thickly embedded. These extremely 
hard carbide particles may also be applied by the arc- 
welding process. However, since the temperature pro- 
duced at the arc is high enough to melt the sails 
ieces, care must be exercised in avoiding direct arcing 
tween the rod and the particles. This “hard setting” 
process is generally followed by hard facing over the 
particles with rods from group five, thus combining the 
maximum of wear resistance and cutting ability as in 
earth drilling tools. 

This fifth and last group consists of crushed tungsten 
carbides of various sizes. These carbides are available 
either packed in steel tubes, fused to steel, or imbedded 
in a matrix or binder of steel in the form of a welding 
rod. 

As has been noted, the selection of hard-facing 
material requires first a knowledge of the primary types 
of wear to which the object is to be subjected. Secondary 
influences concern themselves with ease of application, 
smoothness of deposit, and economics involved. Careful 
deliberation should be taken with such metals as Had- 
fields’ Manganese (12% Mn), which clearly falls into 
the first type. However, its grouping into the first 
group does not automatically mean excellent wear 
resistance. It will be inefficient in cases of light wear, 
in which case the inherent property of strain hardening 
does not evidence itself. However, where high impact 
is concerned, this hardening takes place and the metal 
shows its true value. Mining equipment, used for 
crushing rock and ore, is subjected to continuous batter- 
ing and impact. Here resistance to shock and impact 
is all-important, with hardness only a secondary con- 
sideration, indicating a preference for hard-facing 
alloys of group one. In short, a table of relative charac- 
teristics of hard-facing deposits indicates the proper 
field of choice, although it should be understood that 
the requirements are sometimes two or more fold and 
require more information to fix a choice. 


Characteristics of Deposit Group Number 


Cold-hardness 4,5,2,3,1 
Hot-hardness 4,3,5,2,1 
Resistance to impact L334 
Corrosion resistance 3,2,1,4,5 
Smoothness of deposit 3,1,2,5,4 
Ability to withstand scouring 3,2,1,5,4 
Thinness 3,2,1,5,4 


Some of the applications of hard facing have already 
been noted but they barely approach the present scope 
or that for the future. Agriculture finds hard facing on 
its plows, tractors, cultivators. The automotive indus- 
try looks to hard facing for its exhaust valves, pressure 
plates, bearing housings, valve stems and the like. The 
glamorous aircraft business uses welded overlay for the 
greater part of its valve and valve seats needs. The 
third group of Co-Cr-Ni alloys are preferred here for 
the high temperatures (about 1500° C. for exhaust 
gases), and corrosion properties it displays. It has 
been reported that hard-faced valves examined after 
1,080 hours of service were still in excellent condition. 
This compares quite favorably with the usual run of 
500 hours with high-grade steel valves that have not 
been hard faced. The brick and cement, coke and gas, 
excavating, iron and steel, machinery, oil, power, road 
building are only some more of the many industries 
that are turning to hard-facing as a possible solution 
to their problems in wear and costs. 
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Meet Leonard Harris and read his story. In many re- 
spects, the problems he had may parallel yours today. 
He made his decision six years ago, and he’s glad he did. 

Leonard Harris graduated from Ohio State University 
in 1943 with a degree in Chemical Engineering. After 
serving in the armed forces, he began looking into the 
organizations that offered promising civilian careers. 
And although he had many attractive offers, he chose 
Columbia-Southern because it gave him the opportunity 
to start training immediately in the field for which he 
felt most qualified. In his case, that field was plant 
operation. 

Harris says, ‘‘I recalled the instructors in school had a 
high regard for Columbia-Southern. I knew the parent 
company, Pittsburgh Plate Glass, and was favorably 
impressed with it. Also, I was quite impressed with the 
sincere, down-to-earth attitude of the people with whom 
I made my initial contact and I wasn't disappointed on 
that score after joining the company.”’ 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
FIFTH AVE. AT BELLEFIELD- PITTSBURGH 13, PA. 





Today, Leonard Harris is an important part of Columbia- 
Southern’s management team. As superintendent of the 
Chlorine Area in the Barberton Plant the following de- 
partments come under his direct supervision: Chlorine, 
Caustic Soda, Pittchlor, Sodium Hypochlorite, Per- 
chlorethylene. 

Harris feels that a technical graduate should look for 
the following (1) a company in which he can produce 
and get real satisfaction from his work, (2) a company 
where opportunities are obvious, and (3) a company 
which shows no trace of employee stagnancy. 

Columbia-Southern is such a company. We will be 
glad to discuss your interests. This pertains to graduates 
in all business and technical fields including engineering, 
research and development, sales, plant design, mining, 
construction, maintenance, production, accounting, trans- 
portation and related fields. 

For further information, write now to our Pittsburgh 
address or any of the plants. 


ONE OF A SERIES 





PLANTS: BARBERTON, OHIO © BARTLETT, CALIFORNIA * CORPUS CHRISTI, TEXAS © LAKE CHARLES, LOUISIANA * NATRIUM, 
WEST VIRGINIA * DISTRICT OFFICES: BOSTON * CHARLOTTE * CHICAGO © CINCINNATI * CLEVELAND * DALLAS * HOUSTON ® 
MINNEAPOLIS * NEW ORLEANS * NEW YORK ©® PHILADELPHIA © PITTSBURGH © ST. LOUIS * SAN FRANCISCO 
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Now! Arma puts the plane on the map... 


Arma’s new Pictorial Computer tells a pilot his 
exact location and heading, continuously on a 
luminous screen—throughout a given flight. Here’s 
how it works: 

A film strip shows the various OMNI stations 
over which the aircraft will pass. During flight, the 
Arma Computer automatically indicates position 
and heading of the plane on a TV-like screen. In 
other words, the Computer shows continuously and 
exactly where the plane is, in respect to the ground, 
at every moment of flight—regardless of weather, 
altitude or speed. 

Arma has worked closely with the Air Naviga- 
tion Development Board and the Civil Aeronautics 
Administration in developing this pictorial com- 


26 


puter for use in proposed advanced systems of air 
traffic control. For over 34 years Arma has co- 
operated with the Army, Navy and Air Force in 
developing important military equipment — and 
recently with the Atomic Energy Commission. 
Arma Corporation, Brooklyn, N. Y.; Mineola, 
N. Y. Subsidiary of American Bosch Corporation. 


If you would like a detailed description of 
Arma's Pictorial Computer, just drop us a card. 
We will send you further information, along 
with the booklet “Engineering at Arma,” 
which describes the opportunities of an en- 
gineering career with this outstanding 
leader in electronics. Write to Engineering 
Division, Arma Corporation, 254 36th 
Street, Brooklyn 32, N. Y, 
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You'll find classmates—and a future—at Boeing! 


Men from more than 120 top engineer- 
ing schools are building rewarding 
careers at Boeing. So chances are, 
you'd be working with some of your 
classmates here. And in addition you'd 
be a member of an Engineering 
Division renowned for its trail-blazing 
contributions to both military and 


civil aviation. 


If that’s the kind of engineering 
prestige you'd like to enjoy, look into 
Boeing opportunities. This company 


has been growing steadily for 35 years. 
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It provides the finest research facilities 
in the industry. It offers you work on 
such exciting projects as guided mis- 
siles and the fastest known bomber 
in the world: the B-47 six-jet medium 
bomber, 


B-52 eight-jet heavy bomber. 


as well as the still-classified 


You can work in Seattle, in the 
Pacific Northwest, or in Wichita, 
Kansas. Boeing provides a generous 
moving and travel allowance, gives 
you special training, and pays a good 


salary that grows with you. 


Plan now to build your career as a mem- 
ber of Boeing’s distinguished Engineering 
personnel after graduation. Boeing has 
present and future openings for experi- 
enced and junior engineers in aircraft 


* DESIGN * RESEARCH 
© DEVELOPMENT ¢ PRODUCTION 
¢ TOOLING 


also for servo-mechanism and electronics 
designers and analysts, and for physicists 
and mathematicians with advanced degrees. 


For further information, 


consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Washington 


BOLING 
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from the editor’s notebook 


Saying What We Mean 


As technically trained men, we are supposed to have thoughts of our own. Most of us do. 
Unfortunately, thoughts alone are not useful; we must be able to communicate our ideas to 
other people. After college we will be in competition with men who may not be as technically 


competent as we but who can talk circles around us. We are going to be at the disadvantage! 


We have known how to talk for a long time. Yet we still have difficulty saying exactly 
what we mean. In ordinary conversation we can simply use several sentences which convey 
the same thought; this repetition is so common that we fail to notice it. However, in a more 
formal talk repetition is very undesirable. A few professors have achieved dubious distinc- 
tion as lecturers because of their rambling excursions around the outskirts of their subject. 


Could we do any better? 


Of course it is also painful to wrest three thousand words of written wisdom out of a pile 
of reference books. For most Techmen, it is distasteful to write one page on any subject 
whatsoever. But is it less distasteful to read these efforts afterwards? This illiteracy is 
certainly not confined to Tech. Technical and trade journals are filled with reports of 
ingenious experiments, but the authors would probably flunk second grade English. These 
writers make the reader crawl through a maze of verbal entanglements before he can get 
to the ideas of the article. Many of the readers conclude that the author’s thinking is as 
sloppy as his writing. This is an unfair but all too natural conclusion. 


There are two basic deficiencies which most of us have when we want to say something. 
First, we need an “active” vocabulary, which includes only the words that are actually used 
in speech. One acquires this vocabulary by a conscious effort to use new words having 
exactly the required meaning. At first it is easier to use a sentence in place of the word. In 
complicated writing, however, each extra sentence distracts the speaker as well as listener 
from the main topic. A large vocabulary is a tremendous asset in forming ideas as well as 


giving them expression. 


The other major deficiency is simply practice in speaking before a group. It is virtually 
impossible for most of us to make up for this lack while at school. The best means for pro- 
viding the needed experience would probably be a compulsory public speaking course. Such 
a course would doubtlessly be more beneficial to the average Techman than most technical 
courses. It would give him valuable training in his biggest professional deficiency. I am 
sure that I would thoroughly dislike such a course while I was taking it. Yet I do wish I 


could say what I mean. 


J. M. 
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artificial memory 


The Problem of Designing Computer Memories 


By David Sternlight, "54 


One of the basic problems in machine computation 
is storage. Where do we put the numbers as we are 
entering them, working on them, and when we have 
our final results? At first this seems to be a simple 
proble m, but it turns out to be one of the most difficult 
in the design of an automatic calculator. Logically, 
the storage element is one of the simplest to imagine. 
A number is read into it, and ideally, is retained indefi- 
nitely, ready for instant access when needed. Unfor- 
tunately this is often not the case in practic e. Two of 
the prime considerations in the design of a “memory” 
are low access time, and accuracy and permanence ‘of 
storage. At present, size is a consideration due to the 
large amount of data to be stored in a typical proble m. 
Large or bulky methods of storage are not just incon- 
venient, but also impractical, both finane ially and 
space-wise. 

The most elementary methods of storage are fairly 
obvious. Storing information on pune hed paper tape 
is worthless for data that is needed often during the 
computation. The high access time would slow down a 
computation done e lect *tronically so much that we might 
as well have used a hand-operated machine. Re lay 
storage, used in all-relay calculators, presents the same 
problem, and adds to it the problem of co: A relay 
suitable for storing one yes-no binary digit costs from 
three to five dollars. To store a large number or 
decimal of even four places would thus cost quite a bit. 

With the advent of high-speed electronic computers, 
the elementary methods of storage became obsolete, 
and a new concept of storage was required. This was 
de veloped in 1946 for the E NIAC, the first big auto- 
matic electronic computer, developed at the "Moore 
School of Electrical Engineering for the United States 
Army. This was ane xample of the old school of thought 
in computer design, that is, the idea of using the same 





The heart of the memory of the MIT Digital Com- 
puter. Data is stored by pulsing the intersecting 
wires, permanently magnetizing the cores. 
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type of equipment for calculation as for storage. In the 


case of the ENIAC, a circuit called the flip-flop was 


used. For electrical details of the flip-flop, as well as 
any other devices to be mentioned, consult the bibliog- 
raphy at the end of this article. The way a flip-flop 
works is basically this: two electron tubes are wired so 
that only one can be conducting at a given time, and 
this state will be retained indefinitely. The two states 
thus obtained are designated as one and zero. With 
enough flip-flops, we can again store large numbers, 
but the financial problem is the same as with relay 
storage mentioned earlier. Flip-flops, while a natural 
development for the ENIAC es" its high speeds, were 
still not the answer. 

The next solution offered to this problem, and one 
still in use in many places, is the acoustic delay line. 
The time it takes sound to travel from A to B is con- 
siderably more than the time it takes electric currents 
to travel the same distance. In praetice, this sort of 
memory takes the form of a long tube of mercury, with 
a crystal loudspeaker at one end, and a crystal micro- 
phone at the other. We “shout” into the tube, and it 
takes a little while for our “voice” to reach the other 
end. A series of pulses or the absence of pulses can be 
fed down this delay line, and if not wanted when they 
reach the other end, amplified, and sent back around 
again. This type of memory is very good because one 
ele »ment of memory can store a large number of binary 
digits. It has the disadvantage ‘that if the number 
wanted has just gone around and in again we must wait 
for it to come down the mercury line again before it is 
available. This problem has a very simple solution. 
The specific numbers required are taken out of the 
mercury line a little early and stored te mporarily in 
flip-flops until needed. One other disadvantage is that 
if the power fails, all is lost, since there is nothing about 
the mercury itself which causes it to retain information. 

To solve the last problem, a medium was needed 
which had the basic property of storing information by 
its physic -al nature, indepe ondently of power conditions. 
Magnetic materials were the answer to this problem. 
At the Harvard Computation Lab the magnetic drum 
method of storage was developed. This is a drum of 
magnetic material, which is subdivided into small areas, 
conveniently accessible, and each area is either magne- 
tized, or not magnetized, much in the manner of a tape 
recorder recording sound. The drum rotates continu- 
ously under a set of recording and playback heads. The 
areas can be scanned to reve -al the data they contain and 
the magnetic properties of the drum are such that if the 
power fails the data on the drum is retained. This 
means that if we are in the middle of a computation, we 
can store the result thus far, turn off the computer and 
go home, and when we turn it on again in the morning, 
we can start where we left off. The one great disadvan- 
tage of the magnetic drum, like the delay line, is that 
we must wait for the desired information to pass under 
the reading head, and so information is not instantly 
accessible. (Continued on page 32) 
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DIGEST 


THE TECHNICAL MAN IN 


Scientists who know both people and processes 
are needed to keep Du Pont’s 71 plants humming 


H. D. Tallman, B. S. in Industrial Administration, Yale ’37, checks on product 
loading methods in Du Pont’s Belle, West Va., synthetic urea plant. 


Keeping production rolling in a mod- 
ern industrial plant is a job that ap- 
pealstomen trained in many branches 
of science and engineering. If you are 
looking for opportunities in this field, 
youwon’t have to look far at DuPont, 
where nearly half the entire technical 
force is assigned to production su- 
pervision. 

To qualify, a man must have the 
ability to understand both the me- 
chanical and chemical phases of pro- 
duction. In addition, he should be a 
good planner and, above all, have a 
knack for handling people. 

The production supervisor—there 
are several levels at Du Pont—has 
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three important areas of responsi- 
bility. The first is to the men work- 
ing for him. He must be able to ap- 
praise them skillfully and assign 
duties accordingly. He must train 
them not only in the efficient opera- 
tion of equipment but in safe work- 
ing practices as well. 

A second responsibility is to the 
customer. He must get the product 
out on time and provide uniformly 
high quality at the lowest possible 
cost. When demand for a product is 
subject to rapid fluctuations, he must 
be prepared to make quick readjust- 
ments in the scheduling of both man- 
power and materials. 


William Cheigren, B.S. in M.E., Armour 
Institute of Technology ’38, explains quality 
control methods to a group of Du Pont pro- 
duction supervisors. 


The supervisor’s third responsibil- 
ity is to the higher management. 
Here, agaia, quality and cost are 
important factors. He is expected 
to prepare forecasts, to justify un- 
usual expenditures, and to suggest 
process improvements leading to 
greater yield and better quality at 
lower costs. 


One of the toughest nuts a pro- 
duction supervisor has to crack is the 
scheduling of preventive mainte- 
nance for minimum interference with 
production. Insome companies where 
products are turned out in small-unit 
operations, a program of breakdown 
maintenance suffices. At Du Pont, 
however, where large-unit operations 
are the rule, unscheduled downtime 
is costly and something to be avoided 
whenever possible. 


Since it makes over 1200 products 
and product lines, Du Pont can offer 
to men interested in production su- 
pervision opportunities in many 
types of operations. In the next issue 
of the Digest, we will describe a spe- 
cific production operation in one of 
our 71 plants. 


36-PAGE BOOK, “The Du Pont Com- 
pany and the College Graduate,’’ de- 
scribesopportunities for menand women 
with many types of scientific training. 
For copy, write: 2521 Nemours Build- 
ing, Wilmington, Delaware. 
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BETTER THINGS FOR BETTER LIVING 
+ + THROUGH CHEMISTRY 


Listen to “Cavalcade of America,” Tuesday Nights on 
NBC—See it Every Other Wednesday on NBC TV 
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artificial memory 


Here at MIT, the Digital Computer Lab developed 
a method of storage which avoids the problem of long 
access time presented by tape and mercury. The data 
is stored electrostatically, on a screen in the form of a 
charge or no charge. The screen is divided into a large 
number of small squares, each of which is capable of 
holding a charge or no charge independently of the other 
areas. A given area is located by electronic scanning, 
much in the same way a television tube is scanned. As 
a matter of fact, the electrostatic storage tubes resemble 
television tubes, and they can be made in various sizes. 
The electrostatic storage method, used by Whirlwind I, 
the digital computer at MIT, has two disadvantages. 
While no larger than mercury delay lines, this type of 
memory still requires a great deal of space. Secondly, 
when the data is scanned as it is needed, the reading 
rocess destroys the data. If it is needed again it must 
Pe re-entered automatically into the storage area. A 
method of storage which may offer a solution to all 
these problems is now producing promising results in 
laboratories here at MIT. It is compact, has low access 
time, and is inexpensive. With this method, small cores 
of magnetic material are strung in an array as illus- 
trated in the accompanying diagram. Data is stored 
by pulsing two wires that intersect at the desired core 


binaural sound 


New Development in High Fidelity 


By Bud Edelman, ’54 


Regardless of the degree of high fidelity in any music 
reproducing system, there exists a certain unreal quality. 
This enables any person with trained or untrained ear 
to distinguish between reproduction and the “real 
thing.” 

By means of our two ears we can estimate the angle 
from some reference point by the relative intensities of 
the sound in each ear, and the distance of the sound by 
its loudness. In order to give reproduced music its 
necessary third dimension, this directional sensitivity 
feature of our hearing system must be exploited; in the 
present monaural setups this is not done. Even in a 
multiple speaker system it is impossible to obtain the 
spread and dimensional definition which the individual 
feels in a concert hall. Some experimenters have placed 
speakers | in various parts of the room, attempting to 

“deepe n” the sound; they have merely funneled the 
entire orchestra through several points in the room. 

By a new medium of recording and reproduction, 
music lovers can have close to concert-hall performance 
in their homes. 

Binaural sound finds an excellent analogy in the 
principle of the stereopticon, a three-dime neional viewer 
through which each eye is exposed to the picture it 
would actually see at a given scene. Close comparison 
of the pictures shows the slight difference necessary to 
produce the three-dime nsional effect. 

The first demonstration of binaural sound used a 
tape recorder with dual parallel tracks, matched ampli- 
fiers and headphones. It is, of course, very important 
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with onenge current to leave the core permanently 

magnetized. All the other cores in the two lines receive 

only half as much current and so are not permanently 

magne tized. To read out information, we apply a 

‘sensing signal” to the two windings intersecting in the 
desired core, and a “sensing winding” picks up an 
answering pulse which tells us what condition the 
desired core is in. Whether this method will work effi- 
ciently in practice, with a low error factor, only time 
will tell. 

For further information, consult: 

1. “High Speed N-scale Counters.” Electronics, March 1948. 
(Flip-flops. ) 

2. “Constructing Electric Brains.” Radio Electronics, October 
1950 to October 1951. (General information covering 
entire field.) 

3. “High Speed Come Devices.” Engineering Research 
Associates Staff, McGraw-Hill, 1950. (Detailed technical 
information.) 

4. “Storage Tubes and Their Principles.” Knoll & Kazan. 
Wiley, 1952. 

A. “Digital Information Storage in Three Dimensions Usin 
Magnetic Cores.” J. Forester. Journal of Applie 
Physics, January 1951. 

B. “Electrostatic Storage Tube.” Dodd, Klemperer, Youtz. 
Electrical Engineering, November 18, 1950. 

C. “M. 1. T. Electrostatic Storage Tube.” Dodd, Klemperer, 
Youtz. Electrical Engineering, November 1950. 

(A, B, C, available as reprints in the M. I. T. Science Library, 
as well as the other references.) 





that each channel of the music be perfectly synchronized 
for clear reproduction; for this reason dual ‘track single 
tape was used to prevent any leading or lagging. 

Although the results of that setup were astoundingly 
realistic, the experimenter was discouraged by the 
overall cost (good tape recorders starting at about 
three hundred fifty dollars, and two good amplifiers are 
needed), and music lovers are not content to sit in one 
place with earphones clamped on, and their movements 
restricted to the radius of the feeder cord. In addition, 
there was a frightening effect when one earphone- 
listener would move his head around. The orchestra 
would seem to whiz through the air in any direction, 
continuing to face the individual. It was soon dis- 
covered that two loudspe sakers adequately separated, 
although not as effective as the headphones, retained 
the desire d third dimension. The listening room must 
be dead enough to minimize the reflection and inter- 
action of the sounds from each unit. There is a certain 
amount of reflection and cancellation due to phase in 
most auditoriums too, so loudspeakers are successful 
in binaural installations. 

The scarcity of binaural tapes and the cost of a tape 
recorder installation are discouraging factors for the 
high fidelity enthusiast. However, at “the recent — 
Fair in New York, binaural records were presented. 
first this would seem impossible, but the sy stem fon 
been developed to such an extent that the major “bugs” 
have been eliminated and binaural records are on their 
way. A leading electronic corporation is manufacturing 


THE TECH ENGINEERING NEWS 














































What's Happening at CRUCIBLE 


about scoring and cutting rule steel 
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Lengths of cutting rule steel after edging 


Scoring and cutting rule steel is a cold-rolled 
specialty steel for use in preparing dies for cutting 


paper, leather, rubber and other materials. 


It is a pre-tempered product manufactured by 
skilled workmen, using precision rolling and hard- 
ening equipment, to close limits for chemistry, 
grain size and hardness. This product must also be 
capable of meeting intricate bend requirements in 


the hardened and tempered condition. 


This specialty is furnished with round edges and 

in coil form to the rule manufacturer who grinds 

the edges — the one edge square and the other to a 

knife edge as well as cutting the material into de- 

sired lengths. This is sold to a die-maker who bends 

I to the required shape. This is tl : 

piiaiatis sled aitial: ais the rule to the required shape. This is then the 
tion (note bends, and nucleus of a pre-hardened die, which when properly 
form-holding method) ‘ ‘ 
brazed and supported is used to cut out material for 
display cards — aircraft parts — pocketbooks — 


wallets — gloves — gaskets — washers. 


engineering service available 

Since there is a great diversity of cold-rolled prod- 
ucts, our staff of field metallurgists can help you 
apply what you require. Take full advantage of 
Crucible’s more than 50 years experience as the first 
name in special purpose steels. Crucible Steel Com- 
pany of America, General Sales and Operating 
Offices, Oliver Building, Pittsburgh, Pa. 


Some examples of the many shapes of bends needed 


first name in special purpose steels 


Midland Works, Midland, Pa. ° Spaulding Works, Harrison, N. J. . Park Works, Pittsburgh, Pa. ° Spring Works, Pittsburgh, Pa. 
National Drawn Works, East Liverpool, Ohio « Sanderson-Halcomb Works, Syracuse, N.Y. * Trent Tube Company, East Troy, Wisconsin 
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binaural sound 


a binaural arm having two independent heads. Cook 
Laboratories in Stamford, Connecticut, have already 
released four binaural discs, with promise of more as 
the consumers’ market grows. 

The records themselves have an outer and inner 
band, with corresponding grooves of each band 1-11/16 
inches apart. The inside band is recorded flat, with no 
de-emphasis, and the outside band has a de-emphasis 
of 75 microseconds. The low frequency crossover is 
500 cps. The distribution of music (determined by the 
placement of the orchestra and of the microphones) is 
suited to the characteristics of the inner and outer 
bands, with highs on the outside band. 


The distance between styli cannot possibly be made 
critical. Deviations of groove distances on recordings 
would not make this possible. The cost of the dual arm 
would be too high if such precise standards were neces- 
sary, therefore a lateral tolerance in the styli separation 
is provided. The joint is viscous-damped to eliminate 
any rattling. Each of the two bands on the record have 
lead-in grooves spaced one-eighth inch apart, and there 
is little trouble starting the bands together. Of course, 
it is practically impossible to start “the record in the 
middle, due to the lateral tolerance of the pickups. The 
chances are one in seven that the two corresponding 
grooves can be found after the beginning of the record. 
The suspension of each cartridge in the vertical plane is 
independent, to allow for warping of the records. One 
cartridge may be blocked up off the record and the 
system used to play conventional recordings. 


Another important consideration is the location of 
the arm pivot point for proper tracking across the 
record. It is necessary that both styli track on the 
same radius. A test record of a ticking clock is used for 
reaching proper syne +hronization. Each cartridge may 
be adjuste ~d slightly “fore” or “aft” until the clock 
ticks are pe wrfect tly in phase (i.e., the ticking sound 
appears to be in- between the two speakers). 

The special arm is not absolutely necessary as two 
separate arms may be used instead. They must be 
mounted side by side in such a way that they will track 
along the same radius. This method is less convenient, 


but it will work satisfactorily with proper adjustment 
of equipment. 

ither a single amplifier with two separate channels 
or two similar amplifiers can be used in the binaural 
setup. Each audio channel should have approximately 
the same characteristics, as should be the cartridges and 
speakers, for balance of reproduction. 


Loudspeakers 

The speakers should be placed about twelve to fif- 
teen feet apart, in a manner which would minimize 
reflection. Experimentation is advisable for best 
results. 

As for recording techniques, positioning of the 
microphones can produce two different types of binaural 
records. The first would be where the listener is at the 
concert, and second where the orchestra comes to the 
listeners’ living room. 

So much for the description of the sound system. 
What about the advantages of binaural? “The improve- 
ment in reproduction must outweigh the expense and 
trouble involved, and it does. In certain pieces of 
music, solo instruments call and answer from different 
»laces in the orchestra. This directional difference must 
* reproduced for a realistic impression. The listener 
wants to hear the brass section “here”’ and the strings 

“there,” then the drums “back there.” Binaural sound 
gives the width and depth that is lacking in the highest 
fidelity installations today. 

It is quite a thrill to listen to a Broadway show in 
this new medium of sound, as you notice the motion and 
position of the performance as they sing or talk. 

The author strongly recommends seeing ‘‘Cinerama,” 
currently on Broadway. You may then hear binaural 
sound demonstrated in many striking ways. 

There is no doubt that dual-track record production 
will increase as more people become interested in this 
new medium of sound. At present, one can obtain a 
jazz concert, piano music, organ music, and a choir 
recital on records — each one selling for the same price 
as a single LP disc. 

There will be an increasing number of articles on 
binaural sound in the future, as it becomes more popu- 
lar. The purpose of this article was to introduce the 
idea to those who had not heard about it, and to arouse 
some interest in even higher fidelity. 





nebula or passing star? 


The Theories of the Origin of the Solar System 


By Rudolf Kalman, *53 


Speculation on the origin of the solar system is by 
no means a newly invented scientific pastime; it has 
intrigued human imagination from the dawn of civilized 
life. The view that the earth and universe have always 
existed as we know them now would be quite plausible. 
However, this idea has never been able to capture 
human imagination which likes to stray much farther 
than the permanent state of affairs. T he oldest re ‘ligions 
all embody in various forms the idea of “creation.” 
This idea was a natural refuge from man’s fear of the 
concept of infinity and a basis for theories about the 
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origin of the solar system. Perhaps the most important 
point apparent from the following account of various 
scientific theories is the crucial difference between 
qualitative and quantitative theories. 

To gain a reasonable perspective before reviewing 
the major theories, an estimate of the approximate age 
of the earth (and thus approximately that of the solar 
system) is very much welcome. There are at least three 
ways of estimating this age. One way is to measure the 
present rate of salt ac cumulation of the oceans and 
compare this with the total salt concentration. The 


THE TECH ENGINEERING NEWS 


aaa 0 aEeeeeeieienenedeeee 








| 


; 





The Torrington Needle Bearing... 


for designs where light weight is important 


Reducing weight without sacri- 
ficing performance is one of the 
major considerations in many 
modern products. Designs are 
streamlined to pare off excess 
weight. New and lighter materi- 
als are being used. Components 
which save even a few ounces 
frequently contribute greatly to 


product success, 


Light Weight 
Plus High Capacity 


The unique design of the Tor- 
rington Needle Bearing makes it 
ideal for a wide variety of prod- 
uct uses. It consists of two com- 
ponents — a thin, hardened outer 
shell and a full complement of 
cmall diameter rollers. Its many 
lines of contact give the Needle 
Bearing a greater rated radial 
load capacity than any other 
type of anti-friction bearing for 
its size and weight. Conversely, 
for a given load capacity, a 
Needle Bearing is the lightest, 


most compact bearing available. 
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Needle Bearings reduce weight and size while providing high radial load capacity. 


Weight Savings 
In Related Assemblies 


In addition to the light weight of 
the Needle Bearing, its design 
permits sizable reductions in the 
size and weight of the related 
assemblies. Its small outside di- 
ameter allows the use of smaller 
housings. And, since a press fit 
in a simple straight housing bore 
is adequate to locate the bearing, 
no complex shoulders or housing 
modifications are required. The 
hardened shaft usually serves as 


the inner race, saving additional 


space and weight. 


These advantages, plus its 
high radial capacity, have made 
the Torrington Needle Bearing 
particularly attractive to the de- 
signers of aircraft, portable 
power tools, small gasoline en- 
gines and many other products 
where weight and space are im- 


portant factors. 


In future advertisements of 
this series, other features of Tor- 
rington Needle Bearings will be 
discussed. The new Needle Bear- 
ing catalog will besent on request. 


THE TORRINGTON COMPANY 


Torrington, Conn. 


South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 
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nebula or passing star? 


result, after corrections, is about 1.5 billion years. The 
second method is to measure the lead content of rocks. 
Lead is the end product of radioactive decay, starting 
with uranium or thorium. Therefore, if the decay time 
of these elements is known a calculation leads to the 
figure of not more than about two billion years. This 
evidence is also obtained by calculating the time re- 
quired for the earth to slowly cool down from the molten 
state, which is done by estimating the thickness of the 
earth’s solid crust and by measuring the increase of 
temperature in approaching the center of the earth. 
This effect is quite noticeable in deep mines. This esti- 
mate also gives a result of roughly two billion years. 
Thus the age of the earth is of the order of magnitude 
of two billion years. The agreement of the three esti- 
mates is very reassuring. Such remarkable agreement 
is not likely to be found between various possible 
hypotheses concerning the actual process of the origin 
of the solar system. 

The quantitative picture of the process leading to 
the formation of the solar system is made very difficult 
by the peculiar distribution of mass in the system. To 
quote Jeffreys,' “One of the main difficulties about the 
system is that the central body has about one thousand 
times the mass of the next largest; on the other hand, 
the distances of the planets are so large in comparison 
with the sun’s radius that their total orbital angular 
momentum is about forty times that of the sun’s rota- 
tion. The primary problem to understand is how so 
much of the angular momentum came to be associated 
with so small a fraction of the total mass.’” So much 
by way of a warning, before talking about the early 
qualitative theories. 

The first such theory was put forward by Georges- 
Louis Leclerc, Comte de Buffon, in his famous “His- 
toire Naturelle.” Buffon assumes a collision to have 
taken place between the sun and some other wandering 
star. Asa result, various bits of mass became separated 
from the sun. If the collision was not head-on, a rapid 
rotation of the sun must also have resulted. This would 
explain the existence of one big body vs. many small 
bodies, plus the fact that almost all planets revolve in 
the same plane, and in the same general direction as the 
Sun’s own rotation about its axis. 

Buffon’s view was soon attacked by the mathema- 
tician Laplace, who argued that as a result of such a 
collision the small bodies would rotate around the cen- 
tral body in greatly elongated elliptical paths, and not 
in the very nearly circular orbits that planets were 
known to follow. Laplace therefore revived the so- 
called nebular theory first suggested by Immanuel Kant, 
the “Sage of Kénigsberg.”” This theory assumes the 
existence of a very large gaseous rotating mass. Laplace 
then pictured an Bc: a which would have greatly 
expanded the system and resulted in gradual cooling of 
gases and contraction of the central part. In such a 
srocess, the central body, becoming smaller, would 
abe angular momentum and leave “‘wings” at varying 
distances from the center. Since the total angular 
momentum is conserved, the outlying rings would gain 
momentum. Laplace further speculated that the rings 
would condense into spheres to form planets. 

When quantitative analysis was first applied to the 
Laplace theory difficulties resulted immediately. First, 
it was difficult to show that the above process would 
result in the formation of only a few rings to give a few 
planets. One would expect to find a large number of 


! Harold Jeffreys, The Origin of the Solar System (Bakerian 
Lecture), Proc. Royal Soc., Series A, 214 (1952), 281-291. 
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very closely spaced rings. But even if there would 
result only a few rings, it still would have to be shown 
that the rings will actually condense to form the planets. 
This was impossible to prove; the various feasible 
assumptions led to values of mass or momentum which 
clearly contradict the facts. We thus enter the sphere 
of quantitative investigations, which present a much 
more involved problem. 

Around the time of World War I, Sir James Jeans 
and Harold Jeffreys in England, Thomas C. Chamberlin 
and Forest R. Moulton in the U. S. A. all returned in 
essence to the Buffon theory. Instead of a direct colli- 
sion, however, it was assumed that a giant star, larger 
than the sun, merely approached the sun to within a 
few solar radii. This is a much more probable event. 
The gravitational field of the star then produced a 
deformation on the sun, similar to the tides produced 
on the earth by the gravitational pull of the moon, but 
immensely more intense. This would result in a kind 
of giant tidal wave separating from the sun’s surface 
ond breaking up into pieces of the size of the planets. 
The pieces could be thrown out with enough force to 
miss the sun on their return and would acquire enough 
momentum to keep rotating around the sun. The 
explanation was attractive because the same mechanism 
could be used to explain the formation of the satellites 
of the planets, which come from the tide resulting when 
the planets passed very close to the sun. One obvious 
flaw in this argument is that the mass of the moon of 
the earth is about 1/80 of the mass of the earth which 
is a much higher ratio than is the case with satellites of 
other planets. These ratios range from 1/4,000 to 
1/16,000,000. Thus the moon is evidently too big to 
have resulted from a fragment of the “tidal wave.” 
This problem will be taken up later. It was also neces- 
sary to dispose of Laplace’s objection against the Buffon 
theory that the planetary orbits would be elongated 
ellipses. This was done by assuming that there was 
some matter in the space outside the central body and 
that this matter impeded the motion of the planets 
sufficiently to force them to move in the path of least 
resistance which is a circular orbit. Fortunately, this 
assumption could be confirmed by the phenomenon of 
zodiacal light which is thought to be due to extremely 
rarified gases in outer space. A spectroscopic check is 
also available. A further interesting speculation con- 
cerning the tidal theory is the probable number of other 
solar systems in the universe. Although the number of 
stars “eligible” for the tidal process is quite large, the 
distances are so immense that the probability of near- 
collision is very small. Some estimates put the number 
of probable other solar systems at the order of magni- 
tude of ten.? 

Mathematical scrutiny of the tidal theory, as may 
be expected, leads to troubles. First, it could not be 
explained why the planets rotated so much faster than 
the central body. For example, Jupiter rotates about 
sixty times faster than the sun. To account for this, 
Jeffreys (1929) suggested what amounts to a return to 
the collision idea, with some accompanying refinements. 
This way it was possible to forecast the relative orders 
of magnitude in the solar system for the first time. 
However, it was soon pointed out (1935) that the planets 
could not have picked up enough angular momentum 
by this process to be as far away from the sun as they 
are. The collision theory would allow them to be no 
farther than about four times the sun’s radius. The 
second objection is that it would not be possible for a 
body less than the size of Jupiter or Saturn to have con- 
densed from the gaseous state. Although the collision- 

? George Gamow, “The Biography of the Earth” (book), 


Mentor. 


THE TECH ENGINEERING NEWS 






a EE ent 









Makes short work 
of tall timber 


Motorized log-loaders speed their way over rough 
terrain to get to a cutting site. Once there, they load 
cut timber in a hurry, then head for the next place 
they’re needed. To keep them on the go without costly 
interruptions, designers specify Timken® tapered 
roller bearings in the wheels, cone rollers, swing 
drums, steering pivot and other vital moving parts. 
Timken bearings have extra load-carrying capacity. 
They prevent wear, reduce maintenance. Assure con- 
tinuous, trouble-free operation. 


How to mount log-loader cone 
rollers on TIMKEN bearings 


This special roller bearing assembly has two single-row 
extended bearing cones mounted directly into the roller. 
The outer race of the bearing is actually the roller itself 
with the tapers ground to the proper angle for the bear- 
ing cone and roller assemblies. Closures are pressed 
into each end of the roller with running clearance at 
the extended cone rib. 


Want to learn more 
about bearings? 


owen Some of the engineering problems you'll face after 
i graduation will involve bearing applications. If you'd 
| | aun like to learn more about this phase of engineering, 


TAPERED ROLLER BEARINGS q } oo we'll be glad to help. Clip this page for future 
y, reference, and for a free copy of the 270-page General 
iy Information Manual on Timken bearings, write 
today to The Timken Roller Bearing Company, 
Canton 6, Ohio. Cable address: “‘TIMROSCO”’. 


NOT JUST A BALL © NOT JUST A ROLLER C> THE TIMKEN TAPERED ROLLER c> 
BEARING TAKES RADIAL ) AND THRUST -@— LOADS OR ANY COMBINATION 
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"You meet such interesting 


> 


problems" 


You can’t begin to imagine the broad acquaintanceship that comes 
from being in the springmaking business. Each new problem discloses 
someone's idea of what a spring should do for his product—and a 
mutually advantageous friendship follows. 

With nearly a century of service to every kind of American Industry, 
it is practically certain that you and we shall eventually meet—when 


your work concerns what we have to offer—good spring performance. 


We look foward to it. 


OO My QR, & & 


Wallace i arnes Springs 
Lipristol Connecticut 


Springmakers for four generations 
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New Ideas 
To Keep America Strong in the Air 


Aviation progress requires new ideas—and plenty of them. And that’s why North 
American always has career opportunities for young engineers who do fresh 
thinking. North American is a company that thinks in terms of the future. That’s 
why it has been an industry leader for 24 years, designing and developing the 
leading planes of World War II, the B-25 Mitchell and F-51 Mustang, and 
America’s present day front-line fighters, the F-86 Sabre Jets. Today, North 
American is pioneering in many new fields—guided missile, jet, rocket, electronics, 
atomic energy—thinking ahead to keep America strong in the air. 


When you are prepared to enter the engineering profession, consider the career 
opportunities at North American. In the meantime, feel free to write for any infor- 
mation you might want concerning a career in the aircraft industry. 


Write D. R. Zook, Employment Director, 5701 W. Imperial Highway, Los Angeles 


NORTH AMERICAN AVIATION. INC. 


LOS ANGELES, CALIFORNIA*® COLUMBUS, OHIO 


.@iNorth American has built more airplanes than any other company in the world 
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nebula or passing star? 


tidal theory is not considered “dead,” 
favored by authorities in the field. 

It is not surprising that at this stage the Kant- 
Laplace nebular ee received renewed attention. 
It was now assumed (e.g., by von Weizsiicker, 1944) 
that the thin disk of aah, originally existing and 
rotating, developed so that rings of whirlpools were 
created around it, with approximately five whirlpools 
in each ring, whose size was growing larger on receding 
from the center. Then it was assumed that most of the 
matter in the nebula consisted of light gases such as 
hydrogen and helium, and only a small portion con- 
tained “heavy” iron, oxides, etc. Now condensation of 
hydrogen was only possible in the center of the whirl- 
pool, whereas toward the outside the planets and their 
satellites grew due to accretion by collision of the heavy 
particles with slowly growing cores. This theory was 
able to explain the relatively high densities and composi- 
tion of planets. Their separation is explained by the 
probable geometry of the rings of whirlpools. However, 
there are still many loopholes i in the picture. The forma- 
tion of the whirlpools is by no means clearly understood. 
Also, difficulties are encountered in explaining why the 
outer planets (Jupiter, Saturn, Neptune) have a much 
lower density than the inner planets (Earth, Mars, etc.). 
There are many other details where the explanations 
are even more difficult to obtain; for instance, the ques- 
tion of initial temperatures on the planets, or the transi- 
tion from the fluid stage to that with a hard shell. 
Another problem is how the different elements came 
about, especially those heavier than iron. Also the 
question of planetary or satellite growth, whether by 
accretion due to collision with dust particles or con- 
densation from the gaseous state, is still not clarified. In 
general, both of these processes appear to be feasible. 
I may close the account of major theories by pointing 
out that the current feeling among authorities is that 
the disk-whirlpool theory is promising, but the collision 
theories must not yet be discarded. 

As has already been pointed out, the mass of the 
moon is a large fraction of the mass of the earth com- 
pared to the ratios of other satellites to their planets. 
For this reason, it was early recognized that the tidal 
theory was unsatisfactory to explain the formation of 
the moon. Instead, it was assumed that the moon became 
separated from the earth after the latter had cooled 
down appreciably and was in an essentially liquid state, 
with perhaps a very thin solid crust on the surface. If 
we investigate the effect of gravitation in such a case, 
the result is a pear-shaped figure. The essential differ- 
ence between this process and the tidal theory is that 
in the latter case the interacting bodies are assumed to 
be gaseous, not liquid. Another difference is that gases 
can be compressed easily and liquids are almost com- 
pletely incompressible. These were the speculations 
leading to the pear-shaped figure. It is then natural to 
say that the neck of the pear became narrower and 
narrower, and finally two separate bodies, one small 
and one large, resulted. 

There is an interesting piece of indirect evidence 
that the moon was once part of the earth. There is one 
large, approximately circular area on the surface of the 
earth, the Pacific, which intuitively suggests that there, 
“something” must have been taken out. A chain of 
relatively young volcanoes around the rim of the Pacific 
also points to some radical change at a stage when the 
earth was not too new any more. These ideas are con- 
firmed by a study of the rock formation in that area. 
The earth’s crust contains, roughly speaking, a layer of 
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granite, a layer of basalt, and then heavy metals (iron, 


nickel, etc.) in the Imolten state. In the Pacific area 
however, the upper ayer is absent. This suggests that, 
the moon must have large quantities of material of the 
density of granite. In fact, this checks well with the 
known density of the moon which is 3.3 compared to 
5.5 for the earth. From the above, we must be careful 
to conclude, however, only that the moon was probably 
a part of the earth at one time. No indications can be 
obtained as to the probable mechanism of how the two 
became separated. 

The first quantitative objection to the pear-shape 
theory was that at the time the earth had cooled down 
to a liquid state, it must have already assumed a circular 
orbit and thus receded from the sun. This means that 
the sun’s gravitational force could not have been large 
enough to cause such a drastic deformation as a pear- 
shaped figure. To overcome this objection Sir Charles 
Darwin suggested that the earth’s natural period of 
rotation, corresponding to a certain radius, happened to 
coincide with the period of rotation of the sun. Darwin 
also attempted to explain the fact that the ellipticity 
of the moon is sixteen times what the tidal action of 
the earth would produce on a rotating liquid body by 
assuming that the moon solidified when it was much 
closer to the earth and then receded. This was due to 
an intricate mechanism of interaction between the sun, 
earth, and moon. 

Unfortunately, the whole pear-shaped mechanism 
appears to be untenable. For mathematical reasons, 
such a figure would be absolutely unstable, and there is 
no reason to assume that the two bodies would stay 
together. Jeffreys therefore emphatically rules out this 
theory which is also called rotational fission. 

The alternative to this theory is growth by accretion. 
This means that there was originally a small fragment 
present, witb which still smaller particles collided and 
were absorbed. However, it all have taken quite a 
few of these to build up the moon, so that very many 
of them would have had to be present near the moon 
and the earth at one time. But if this is so, it is diffi- 
cult to see why all of the very many small bodies have 
been picked up by the moon. 

Regardless which theory of formation, fission from 
the earth or growth by accretion, is adopted, the evi- 
dence for the original liquid state of the moon, not 
condensed from a gas, is strong. One support of this 
idea is given by the ‘large craters observed on the surface 
of the moon. It is speculated that these are due to 
either: (1) Vapors and gases absorbed in the liquid that 
“bubbled up” and somehow froze on the surface. This 
is analogous to what happens, say, when a heavy syrup 
is being cooked. (2) Some later particles or meteors 
picked up by the moon jarred its surface when it was 
just beginning to solidify. 

We have seen that the strict quantitative aspect of 
the various theories usually leads to very considerable 
difficulties. Even now, we do not have a complete 
theory, giving all the details: masses of planets, their 
distances from the sun, their densities, etc. The thin 
disk, modified nebular theory, appears to be the most 
feasible one. On the other hand, the situation with 
respect to the Moon is still very much unclarified. 

In conclusion, I should like to again quote Jeffreys: 

“| have tried to give an account of the present posi- 
tion of the subject as it appears to me. The chief con- 
clusion that I should draw is that the problem is ex- 
tremely difficult. On the other hand, I think that we 
are approaching a stage where we can ask the right 
questions, and a problem correctly stated is usually 
three-quarters solved.” 
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Men, 


Science has at last found a practical way to convert coal into 
the host of valuable chemicals that nature locked into it. 

The people of Union Carbide have developed a way to 
bring coal and hydrogen gas together under carefully con- 
trolled heat and pressure. In minutes, this revolutionary 
process—called coal hydrogenation—converts the coal into 
a mixture of gases and liquids that are rich in useful 
chemicals. 


A WEALTH OF RAW MATERIALS— Among them are hith- 
erto scarce, and even completely new, chemicals. Some are 
raw materials for plastics and synthetic rubber, or are vital 
to medicine and vitamins. Some are valuable in rocket pro- 
pulsion. Others are necessary in insecticides, surface coat- 
ings, and many other important uses. 


A NEW SOURCE OF SUPPLY — Today, Union Carbide’s 
coal-hydrogenation process promises steady and vastly in- 
creased production of chemicals for these needed materials. 


chemistry, and coal! 


Science has found a new way to get valuable chemicals from coal 


What’s more, it will provide a host of chemicals that may 
become the basis of many new products. 


A UCC ACHIEVEMENT -— With the first coal-to-chemicals 
plant of its kind in operation, the people of Union Carbide 
are now well on the way to making abundant coal a source 
of chemicals important to us all. 


STUDENTS and STUDENT ADVISERS 
Learn more about the many fields in which Union 
Carbide offers career opportunities. Write for the 
free illustrated booklet “Products and Processes” 
which describes the various activities of UCC in the 
fields of Attoys, CarBons, CHEMICALS, Gases, and 
Piastics. Ask for booklet A-1. 
ae / 


i Y 
Intron CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET uCC NEW YORK 17, N. Y. 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 
SYNTHETIC ORGANIC CHEMICALS * BAKELITE, KRENE, and VINYLITE Plastics « LINDE Oxygen * DYNEL TEXTILE FIBERS 
ELECTROMET Alloys and Metals * HAYNES STELLITE Alloys * Prest-O-LITE Acetylene * PYROFAX Gas 
EVEREADY Flashlights and Batteries * NATIONAL Carbons * ACHESON Electrodes * PRESTONE and TREK Anti-Freezes 
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briefing the news 


Telescope for Toolmakers... 


Aligning, which formerly took hours, can now be 
done in a matter of minutes, and with far greater accu- 
racy with a new tooling and aligning te lescope. First 
United States adaptations of the principle have been 
in the aviation industry where exacting tolerances are 
required due to modern planes exceeding the speed of 
sound, and mass-production tooling me thodsa necessity. 
In Britain, the shipbuilding industry was first to employ 
the method. 





















The principle involved is somewhat similar to, but 
simpler than, surveying. Basic lines of sight are estab- 
lished between the ends of the objects to be aligned, 
together with parallel auxiliary lines and targets. High- 
powered telescopes are employed, with magnifying 
eyepieces designed to be used either parallel or at right 
angles to the line of sight, rotatable to 360 degrees. ‘An 
optical micrometer built in the instrument can displace 
the line-of-sight either vertically or horizontally. Operat- 
ing dials c control and indicate this displaceme nt. Where 
microscopic accuracy is required, this method is said 
to render other means obsolete. Inspectors and tool 
makers can readily obtain identical correct readings. 


Mining by Gravity... 

Nature’s old standby, the force of gravity, has been 
put to work deep bene ath the earth’s surface in a vast 
mining program that is helping maintain the world’s 
supply of nickel. It has given mining science the key to 
recovery of millions of tons of nic kel -copper ore once 
regarded as worthless. 

Engineers in the Sudbury District, Canada, have 
adapted a mining technique by which gigantic masses 
of ore, far unde rground, are induced to cave and disinte- 
grate of their own weight. Called “induced caving,’ 
this low-cost bulk mining method, plus metallurgical 
practices, makes it prac tic cable to recover and treat ore 
lower in grade than it had ever worked in underground 
mining. Thus the supply of economically available ore 
has been broadened. 
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In caving, a “slice’’ which may contain as much as 
.500,000 tons of ore is undercut. As ore from the 
undercut slice is withdrawn, the slice to be mined breaks 
away and starts to disintegrate as it moves downward, 
the weight of the upper part of the mass acting to crush 
the ore at the bottom. 

Another bulk mining technique by which Inco is 
boosting its underground production is the “blasthole” 
method. Blasthole mining differs from caving only 
insofar as explosives are used to break the slices of 
harder, tougher ore from the solid material. The force 
of gravity ~ > takes over, as in caving. 


_ 


Shatterproof Glass House... 


glass house that just will not break has been 
erected. In fact, stones bounce from the glass sides 
instead of shattering them. The house was built, not 
to live in, but to provide a moisture-proof and salt- 
resistant chamber for testing insulating materials and 
finished assemblies under high humidity conditions. 
Material used in the approximately six-foot-square 
house is technically known as polyester glass laminate, 
which is resin reinforced with glass fibers. Because of 
paint on the quarter-inch-thick glass walls, the material 
is neither translucent nor reflective. Yet it is glass and 
it is unbreakable! 


time wasters 


Compiled by Leonard Ruthazer, '56 


Throughout the ages, men devoting their lives to 
science ran across many perplexing problems. Some of 
these had solutions; some did not. In our lives, we too 
have run across such problems. To give you some 
mental exercise, | have found a few problems that have 
been thought about in the past. See what you can do 
with them. 

If you were to write numbers in their consecutive 
order (12345678910111213141516...), what would 
the ten millionth digit be? 

Many intriguing - proble ms are stated in the form of 
riddles. An example is the following: 

Here lies the son, here lies the mother; 

Here lies the daughter, here lies the father; 

Here lies the sister, here lies the brother; 

Here lies the wife and the husband. 

Still there are only three people here. 

Some problems can be solved only by trial and 
error. One such problem, which has existed for cen- 
turies, is the following. Three men robbed a gentleman 
of a twenty-four-ounce jar of wine. Upon reaching a 
place of safety, they wished to divide the booty but 
realized that the vessels which they were going to use 
to divide the liquid contained five, eleven, and thirteen 
ounces respectively. How could they divide the wine 
into three equal portions? 

A similar problem involves the use of a balance, 
eleven similar coins and one counterfeit coin. The 
problem is to find the counterfeit using the balance only 
three times. 

The closing problem of this short article involves 
three jealous husbands, their wives, and a rowboat 
which can hold only two people at a time. Each man 
is not willing to trust his spouse with another male 
unless he is around. The problem is to figure out a 
way in which it is possible for all six to cross a river 
using only the rowboat. How would you do it? 
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Let’s keep the record straight 


There has been too much loose talk about prices, 
wages, dividends, taxes. Let’s see. 

Compare 1939 (the last normal year before 
the war) to 1951 (the last year for which there 
are figures). 


Prices have gone up 86% 


Weekly earnings of 

production workers 
Dividends of corporations 
Federal Taxes 


172% 
148% 
843% 


WARNER 
& 
SWASEY 


Cleveland 
 EVed ab bat -UM Mole) 
Textile 
Machinery 


By the use of more efficient machines, indus- 
try has been able to increase wages twice as 
much as prices have risen, and has increased divi- 
dends to its millions of owners. If you don’t 
feel that much better off, put the blame where 
it belongs . . . on taxes. Authorities say 10 
billion dollars could be cut out of those taxes 
without affecting government safety or service 
a particle. 


Remember the figures. Just for the record. 


Sources: Tax Foundation; U. S$. Department of 
Labor; Annual Report of the Secretary of the 
Treasury and The Budget for the Fiscal Year, 1953. 


YOU CAN MACHINE IT BETTER, FASTER, FOR LESS WITH WARNER & SWASEY TURRET LATHES, AUTOMATICS, AND TAPPING MACHINES 
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MORE AIRCRAFT ENGINES 


bear this emblem than any other 


Wherever you go in the aircraft world, you'll find this emblem—the 
acknowledged symbol of dependability. 

It’s carried by big bombers, medium bombers, light bombers—by all types of 
commercial transports—by flashing jet fighters. In a field where 

only the best is good enough, it stands for outstanding engineering achievement. 
If you would like to work for the company with a future—in an industry 


with an unlimited future—set your sights on Pratt & Whitney Aircraft. 


Pratt's Miilney Atte ral), 


FAST HARTFORD 8 CONNECTICUT USA. 
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Photography... 


the engineer’s partner all along the way 


® Photography proves itself an important and valuable ally all 
through engineering. 

Its speed in copying and reproducing data saves valuable 
time. Its use in radiography and instrument recording improves 
manufacturing processes and finished products. High speed 
movies help solve design problems. 

Applications of photography in science and industry are 
steadily multiplying. This has attracted graduates in the physi- 
cal sciences and engineering to find positions with the Eastman 
Kodak Company. If you are interested, write to Business and 
Technical Personnel Department, Eastman Kodak Company, 
Rochester 4, N. Y. 


FUNCTIONAL PHOTOGRAPHY 


serves industrial, commercial, and scientific progress 


Here photographic oscillograph 
traces become an indisputable part of 
an engineer's notes, recording the 
effect of a new electronic circuit 
element on wave form. This record of 
performance stands ready for new 
evaluation at any time. 


TRADE-MARK 





MY QUESTION TO THE G-E STUDENT INFORMATION PANEL: 


“What qualities do I need for a 


successful career with a company 


like General Electric?” 


... Harry K. Leaver, Lafayette College, 1954 


Two answers to this question, given at a student information meeting 
held in July, 1952, between G-E personnel and representative college 
students, are printed below. If you have a question you would like 
answered, or seek further information about General Electric, mail 
your request to College Editor, Dept. 221-6, General Electric Co., 


Schenectady, N. Y. 


G. C. HOUSTON, Manu- 
facturing Services Division... 
While this is a rather broad 
question, | am sure it is one 
of real importance to any 
voung man starting out in 
industry and looking forward 
to a position of responsibility 
in any of our successful in- 
dustrial enterprises. 

The mere asking of this question indicates that the in- 
dividual has a definite goal or objective. This is important 
since progress can be made only if we attempt to reach a 
well-defined objective even though it mav be modified 
to some extent in the light of later experience. In G.E. 
we are looking for young men who have not only deter- 
mined their objective but who are ready to work for it 
who accept responsibility and have ability to get things 
done—who work well with others—to be a part of the 
team. 

This calls for other qualities essential to long range 
success. We look for the enthusiastic individual. one 
not easily discouraged, and who can inspire the confidence 
of his co-workers. We desire individuals who show im- 
agination and good judgment— particularly the ability to 
look ahead and maintain perspective beyond the imme- 
diate situation. Finally, we cannot overlook the qualities 
of loyalty and dependability since these are important in 
steering the individual through periods of discouragement 
which occur in every career. 

When you decide on your business affiliation. make 
sure you associate yourself with a company that is 
soundly managed, that has a good business future. and 
that is the kind of company vou would like to be a part 
of for the long pull. 
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GENERAL 


E. S. WILLIS, Corporate 
Services Division . . . A 
successful career with a 
company like General Elec- 
tric is built on the same 
qualities that contribute to 
success in any endeavor. 
However, in G.E., there is 
additional opportunity to de- 
velop these qualities be- 
cause of the wide variety of training sources and open- 
ings which are available. 

Basic qualities needed for any successful career include 
an open mind, willingness to accept responsibility, per- 
sistence, adaptability, co-operativeness, and common 
sense intelligence. Others such as physical well-being, 
ability of expression, and sound inquisitiveness also go 
to make up a truly qualified individual. 

Most important is the fact that General Electric offers 
a wealth of opportunity to develop special capabilities 
and talents. The broad selection of training courses, in 
any chosen field, gives you a chance to sharpen your 
basic training and abilities. By decentralizing operations 
into about 70 different businesses, there is opportunity 
to see—in comprehendable dimensions—the full opera- 
tion of the business. It means, too, that senior managers 
and young employees are more closely associated—a 
real advantage for the young man on his way up. 

\lso, our business requires specialists as well as 
managers. Thus, there are equal chances for success for 
those who concentrate in particular fields such as re- 
search, design, accounting, and planning. 

So set your cap for a goal. And capitalize on your 
native qualities, which fortunately are different with 
each of us, 
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